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EXPERIMENTAL HYDRONEPHROSIS 


THE EFFECT OF CHANGES IN BLOOD PRESSURE AND 
IN BLOOD FLOW ON ITS RATE OF DEVELOPMENT 


II. PARTIAL OBSTRUCTION OF THE RENAL ARTERY: DIMINISHED 
Bitoop FLtow; DIMINISHED INTRARENAL PRESSURE AND 
OLIGURIA * 


FRANK HINMAN, M.D. 
SAN FRANCISCO 
AND 
ALEXANDER B. HEPLER, M.D. 


SEATTLE 


The effects on the rate of development of hydronephrosis of an 
increase in blood flow and blood pressure, brought about by unilateral 
splanchnotomy have been described + with the conclusion that the rate of 
urinary secretion as affected by this procedure influences very little, 
if at all, its ordinary rate of development with complete ureteral obstruc- 
tion. Partial compression of one renal artery will produce the opposite 
effect—permanent unilateral oliguria. When the renal artery is partially 
compressed, there is a diminished blood flow and a diminished intrarenal 
blood pressure which together reduce the amount of urine secreted and 
lower the maximal back pressure with ureteral obstruction. What inter- 
ference will this change have on the rate of development of 
hydronephrosis ? 

Herman,” as early as 1862, studied the effect of this procedure on 
urine secretion. He employed a screw clamp by means of which he was 
able to vary the compression, and found that the amount of urine 
diminished with partial closure, and was completely arrested with com- 


*From the Department of Urology and Hooper Foundation of Medical 
Research of the University of California Medical School. 

1. Hinman, Frank; and Helper, A. B.: Experimental Hydronephrosis: The 
Effect of Changes of Blood Pressure and Blood Flow on the Rate of Develop- 
ment, I, Splanchnotomy, Arch. Surg. 11:578 (Oct.) 1925. 

2. Herman: Sitzungsb. d. k. Akad. d. Wissensch. Math.-naturw. Cl. 45: 
317, 1862. 
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plete closure. Cushny,* in a study of the action of various diuretics, 
noted that partial compression of the artery resulted in a diminished 
secretion of urine or a neutralization of any diuresis that was induced. 
Partial arterial compression was also used by Yagi and Karoda* to 
reduce the urinary output in a study of diuresis. They constricted the 
artery by a ligature led through a glass tube and attached to a screw, 
by means of which varying degrees of narrowing of the vessel’s lumen 
could be applied. As a result, they noted a greatly diminished secretion 
of water and chlorids. 

In their study of the relation of the renal nerves to renal secretion, 
Marshall and Kolls ° compressed the renal artery by means of a pres- 
sure cuff. Varying degrees of compression were found to diminish 
proportionally the amount of urine, and this effect is attributed by them 
to the combination of diminished blood flow and blood pressure and 
cellular anemia. If the compression is carried too far the secretion 
will stop, although it will promptly return when the constriction is 
released, if this has not been too prolonged (from one to five minutes ).* 


EXPERIMENTAL METHOD AND TECHNIC 


All the foregoing experiments with arterial compression have been 
for short periods, and some of the elaborate devices described can be 
applied for a few hours only. Dogs were used by us on account of the 
impossibility of compressing the renal artery of rabbits for long periods 
without producing infarction, on account of its small size. After cali- 
brating the reral artery of a number of dogs, we found that a constant 
uniform constriction could be produced by a fine piece of rubber tubing 
1 cm. long with a lumen 2 mm. in diameter. This, properly applied, 
reduces the blood supply to the kidney to a degree which, while com- 
patible with urinary secretion evidently at a greatly diminished rate, 
produces a rather marked anemia. The pressure must not be too great, 
for a primary anemic atrophy of the kidney will follow constriction 
beyond a certain point. 

In five dogs, the left kidney was exposed through a lumbar incision, 
and the ureter divided between ligatures 6 cm. from the ureteropelvic 
junction. The renal artery was then dissected from the pedicle, and 
carefully freed from its sheath. In its preparation for the compressing 


3. Cushny, A. R.: The Secretion of the Urine, New York, Longmans, Green 
& Co., 1917. 

4. Yagi and Karoda: J. Physiol. 49:162, 1914. 

5. Marshall, E. K., Jr., and Kolls, A. C.: Am. J. Physiol. 49:317 (July) 
1919. 

6. Marshall, E. K., Jr.. and Crane, M. M.: Am. J. Physiol. 64:387 (April) 
1923. 
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Fig. 1—Roentgenographic appearance of arterial barium sulphate injection 
of seven day hydronephrosis of the left kidney of a dog with partial compression 
of the left renal artery; thinning out of the arterial tree of the left kidney as 
compared to the right, due in part to the compressing tube (T) which can 
be seen in place at the hilum. 
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tube, attempts were made to avoid injury to the nerves of the renal 
plexus that run along the artery, and no doubt some of the filaments 
were always injured, but the effect of this on the experimental results 
is negligible. 

The split tube, as described, flattened out with forceps, was placed 
under the artery and allowed to recoil about it, and then held in place 
by silk ties. 

The dogs were killed seven, fourteen, twenty-one, twenty-eight and 
fifty-six days after operation. In each instance the left kidney was 
enlarged, and, in the later periods, to a marked degree, and the venous 
collaterals were much dilated. Confirmation of the proper placing of 
the compressing tube was made by inspection, and potency of the arterial 
lumen demonstrated by roentgenography after arterial barium sulphate 
injections. Figure 1 demonstrates the position and degree of compression 
of the tube in the seven day specimen, and illustrates the thinning out 
of the arterial tree at this early period. The pelvic capacities were taken, 
and the kidneys measured as to length, depth and width. We had on 
hand, for purposes of comparison, a series of simple hydronephrotic 
kidneys in dogs, corresponding to the periods at which our dogs were 
killed after arterial compression. Greater variations in the develop- 
ment of simple hydronephrosis occur in dogs than in rabbits or rats. 
Complete obstruction give rise occasionally to primary atrophy, although 
we have seen no instance of true primary atrophy in our series. We 
have noted, however, that the degree of hydronephrosis in the dog is 
not always indicated by the size of the kidney. In simple hydronephrosis 
of rabbits! and rats,’ the degree of hydronephrotic atrophy is indi- 
cated not only by the gradations of pelvic capacity but by a uniform 
increase in size of the kidney. These changes are less regular in the 
dog, but the intrarenal changes of hydronephrotic atrophy show an 
almost uniform loss of parenchyma proportional to the duration of the 
complete obstruction, in spite of slight variation in the relative increase 
of outside measure:uents and pelvic capacity. 

The ordinary rate of development of hydronephrotic atrophy with 
complete ureteral block is shown in Table 1. In the series with arterial 
compression and complete ureteral obstruction as shown in Table 2, 
compiled similarly to Table 1, hydronephrotic atrophy develops more 
rapidly, and is accompanied by a generally more rapid increase in size 
and pelvic capacity. The difference in the rate of development of the 
intrarenal changes between the arterial compression group and the con- 
trol group is best appreciated by a study of Figures 2, 3, 4 and 5. In 


7. Hinman, Frank: Experimental Hydronephrosis: Repair Following 
Ureterocystoneostomy in White Rats with Complete Ureteral Obstruction, J. 
Urol. 3:147, 174, 1919. 
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Fig. 2—Lower: fourteen day period hydronephrosis in a dog with partial 
compression of the renal artery; upper kidney is used for comparison, and 
represents the degree of hydronephrosis seen with simple ureteral obstruction 
for the same period; remarkable acceleration in the rate of hydronephrotic 
atrophy when the artery is compressed. 


 & 
Ainge maa tal 
aaa... ae = Sasi 


Se 


. 
sa a icine te a 
rs pre ae 








Pa 


Rs a 








654 ~ ARCHIVES OF SURGERY 























Fig. 3—Lower: twenty-one day period hydronephrosis in a dog with partial 
compression of the renal artery; peculiar appearance of the interior of the 
kidney due to the effect of a saturated solution of sodium iodid used in taking 

i a pyelogram; upper: the control kidney, i. e., with simple ureteral ligation for 
the same period. 
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Fig. 4.—Lower: twenty-eight day period hydronephrosis in a dog with partial 


compression of the renal artery; upper: simple hydronephrosis for the same 
period. 
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these illustrations, the upper kidneys represent the controls, the lower 
the arterial compression series, and it is evident that the rate of develop- 
ment of hydronephrotic atrophy and dilatation is markedly accelerated 
by partial obstruction of the renal artery. In some instances, the degree 
of dilatation is twice that seen with simple ureteral obstruction. It will 
also be noted that this acceleration is not occasional but is constant and 
progressive throughout the series. This hastening effect is further 
indicated by the histologic changes in the renal cortex, as shown in 
Figure 6, which illustrates an unusual degree of atrophy for a twenty- 
one day hydronephrosis ; only a few atrophic glomeruli remain, fibrosis 
and connective tissue substitution predominating. Such a picture 
is seen only after prolonged periods of obstruction in simple 
hydronephrosis. 
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TaBLe 1—The Rate of Development of Simple Hydronephrotic Atrophy 
After Total Ligation of the Left Ureter in Dogs 
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Duration, -_ sn 
i Days Length, Cm. Depth, Cm. Width, Cm. 
fr POD FAIS Ee EE Be OM 6 4 3.2 
q BAy wc vis. hub canie neces ce een desea meibaae 5.5 3.2 3 
K Wisccccwevahseetntadetbinaeeintiince 6.3 3.8 3.5 
i TD. ks vices Zigevgl ee tusks sasoeenner acdsee 6.7 3.5 3.4 
tk DBi se vtvitstéceeaddbeativneuian 6.3 4.8 4.3 
i Es 4 Apo hie a = iisiininSeia 
: 
q TABLE 2.—The Rate of Development of Hydronephrotic Atrophy After 
Total Ligation of the Left Ureter and Partial Constriction of the 
Left Renal Artery in Dogs 
Weight Measurements of Kidney Pelvic 
of Dog, — nw ~. . Capacity, 
Duration, Days Kg. Length, Cm. Depth,Cm. Width, Cm. C.e. 
Tenses chnchads+abtaebeetamena 4 6.2 4 3.4 9 
De nnn teatkone ccd teinaeone 13.2 7 5 4.7 “0 
OR PO OER: SRS 12 7.6 7.4 7.4 48 
RRC SEES FEN ee 9 8 5.2 5 55 
OD. jcccibshigaecines clenaies 14.75 9.3 6 6 M 








This and the previous studies with splanchnotomy?* and ingestion 
diuresis * indicate that undue importance has been given to urinary 
back pressure as the determinant of the degree of hydronephrosis which 
develops when a ureter is obstructed. If the amount of back pressure 
were a cardinal factor, any prolonged variation of this pressure would 
be expected to have a decided effect on the rate of development of 
hydronephrosis. But, in the present experiments, in spite of a prolonged 
and pronounced lowering of intrarenal pressure, urinary secretion and 
back pressure, there is a uniform and pronounced acceleration in the 
rate of development. The gross and minute arterial and venous changes 


8. Hinman, Frank; and Belt, A. E.: J. Urol. 9: 397 (May) 1923. 
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Fig. 5.—-Lower: fifty-six day period hydronephrosis with partial compression 


simple hydronephrosis for the same period used for 


of the renal artery; upper: 


a control. 
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Fig. 6.—Twenty-one day hydronephrosis in a dog with partial obstruction of 
the renal artery; this shows a remarkable degree of tubular atrophy and fibrosis 
for so short a period of obstruction, and emphasizes the rapidity of the changes 
in hydronephrosis when the nutrition of the parenchyma is disturbed by partial 
obstruction of the renal artery. 
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that accompany simple hydronephrosis * emphasize the significance of 
blood supply to hydronephrotic atrophy, and the present study shows 
in an exaggerated form the importance of this relationship.’° 


CONCLUSIONS 
1. It is possible to reduce urinary secretion by a properly placed, 
partially obstructing rubber tube on the renal artery. 


2. When this procedure, which reduces the blood flow and the intra- 
renal blood pressure, is combined with total ligation of the ureter on 
the same side, hydronephrosis develops to a much greater degree and 
more rapidly than when the ureter alone is ligated. 


3. This increase in the rate of development of hydronephrotic 
atrophy in the presence of a reduced secretory pressure and oliguria 
indicates that back pressure and pressure atrophy have not quite the 
importance generally given but that another factor is an equally or more 
determining one. 


4. This other factor is a nutritional one. The more rapid 
parenchymal degeneration that results from the anemia of arterial com- 
pression weakens resistance and accelerates dilatation, in spite of the 
diminution in back pressure. 


9. Presented as part of an exhibit on the pathogenesis of hydronephrosis, 
in collaboration with Dr. R. K. Lee-Brown and D. M. Morison, at the Seventy- 
Fourth Annual Session of the American Medical Association, San Francisco, 
1923. 

10. Also, “The Effect of Ligature of One Branch of the Renal Artery or 
Vein” (to be published) illustrates the relation of blood supply to dilatation 
after ureteral obstruction. 











A ROENTGEN-RAY STUDY OF THE INJECTED 
KNEE JOINT * 


RALPH COLP, MD. 
AND 
PERCY KLINGENSTEIN, MLD. 


NEW YORK 


The knee joint has always held unusual interest for both the 
anatomist and the surgeon because of its peculiar structural anatomy and 
its susceptibility to pathologic processes. This is particularly true for 
the reflections of its synovial membrane and associated bursae, because 
these structures are so closely related to the lower end of the femur, 
which is often the seat of infection or trauma, and because the efficient 
treatment of infection in and about the knee joint depends in no small 
measure on these structural peculiarities. Anatomists have studied this 
region with great care; particularly is this true of Spalteholz, who 
injected the joint cavity and its bursae with gelatin after dissecting 
away the overlying soft parts. His work was later augmented by the 
researches of Murphy and, while their investigations were exceedingly 
comprehensive and very important, the actual anatomic relationships 
were somewhat distorted by their methods of procedure. In an effort 
to determine the relationships of the bursae to the joint cavity, the 
femur, and the tibia, especially during flexion and extension of the knee, 
a roentgenologic investigation of injected joints was undertaken. 

It is well known that the joint cavities may be demonstrated by the 
injection of air, but the contrast between the latter and the surrounding 
tissues is often so slight that lines of demarcation are difficult to estab- 
lish (Figs. 1 and 2). On the other hand, while an opaque medium is 
perhaps more satisfactory, it makes it impossible to distinguish clearly 
the underlying bony landmarks (Figs. 3 and 4). However, it was by 
employing a combination of these two methods that the most productive 
results were obtained. The majority of joints studied were injected 
with equal quantities of 10 per cent. sodium iodid solution and air. 
As a preliminary measure, in order that the conditions might as closely 
as possible simulate those found in the living, the knee joints of very 
recent cadavers were alternately flexed and extended until motion could 
be induced perfectly and within normal limits. In the first few subjects, 
a 20 per cent. solution of sodium iodid was used, but it soon became 
evident that one-half the strength was equally efficient. The fluid, in 
amounts varying from 20 to 60 c.c. was introduced through a puncture 


* From the surgical service of Dr. A. V. Moschcowitz, Mt. Sinai Hospital. 
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Fig. 1 (Case 1, man, aged 55 years).—Right knee joint (lateral view) with 
60 c.c. of air injected. The suprapatella bursa distended extending upward above 
joint line for about 10 cm. Synovial membrane above and below semilunar 
cartilage as well as the condylar prolongation of the joint membrane outlined. 





aes 








Fig. 2 (Case 1).—Left knee joint (lateral view) with 60 c.c. of air injected; 
the suprapatella bursa is distended, extending upward above joint line for about 
10 cm. The synovial membrane above and below the semilunar cartilage as 
well as the condylar prolongation of the joint membrane are outlined. 
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wound either to the inner or outer side of the patella. With its intro- 
duction, the outline of the quadriceps bursa became gradually discernible. 
Air was then injected through the same needle in equal quantities. In 
some cases, as much of the injected mixture was aspirated as was pos- 
sible (Fig. 5). Stereoscopic roentgen rays were taken with the knee in 
extension, then in flexion to 90 degrees, and then in reextension, to 
determine if possible any variation in the distribution of the mixture 
occasioned by a change in the alinement of the joint surfaces. All 
plates were taken stereoscopically in the anteroposterior and _ lateral 


positions, with a bedside unit. 




















Fig. 3 Fig. 4 


Fig. 3 (Case 2, boy, aged 12 years).—Right knee joint (anteroposterior view) 
with 80 cc. sodium iodid (10 per cent.) injected. The suprapatella bursa is 
clearly defined, extending upward 10 cm. above the knee joint line, extending 
more externally than internally, with injection masses both above and below the 
semilunar cartilages, more marked below and externally; the popliteal bursa is 
clearly defined. 


Fig. 4 (Case 2).—Right knee joint (lateral view), with 80 c.c. sodium iodid 
(10 per cent.) injected. The suprapatella bursa extends upward 10 cm. above 
the joint line, embracing the external more than the internal surface of the 
femur; the infrapatella bursa is slightly distended, with definite outlining of the 
synovial membranes, especially above the anterior aspect of the semilunar 
cartilages and below, with definite filling of the internal and external condylar 
prolongations of the knee joint. The popliteal bursa is faintly visualized. 
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Fig. 5 (Case 3, woman, aged 28 years).—Right knee joint (lateral view), with 
60 c.c. of sodium iodid (10 per cent.) injected and evacuated, and 40 c.c. of air 
injected. The suprapatella bursa is dilated, extending upward 8 cm.; the infra- 
patella bursa and the posterior condylar prolongations of joint outlines are seen. 

















Fig. 6 (Case 4, man, aged 28 years).—Right knee joint (anteroposterior view), 
with 40 cc. of air and 40 c.c. of sodium iodid (10 per cent.) injected. The 
large suprapatella bursa extends upward 9.5 cm. above the joint line, extending 
externally well beyond the limits of the femur; the synovial membrane is marked 
above the cartilages, especially the external, with the synovial membrane over- 
lapping the lateral margins of both condyles of the tibia, and there is definite 
infiltration of the popliteal bursa. 
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Fig. 7 (Case 2).—Right knee joint (lateral flexed view), with 80 cc. of 
sodium iodid (10 per cent.) injected. The suprapatella bursa is slightly com- 
pressed with dilatation of the infrapatella bursa and marked overlapping of the 
lateral sides of the tibia, with definite distention of the posterior condylar pro- 
longations of the joint cavity. 














Fig. 8 (Case 5, man, aged 45 years).—Left knee joint (lateral view), with 20 
c.c. sodium iodid (10 per cent.) and 20 c.c. air evacuated. The suprapatella bursa 
is distended, extending 9 cm. above the joint line; the bursa is seen to extend 
more laterally than internally; the posterior surface of the external condyle is 
covered with fluid. 
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Fifty subjects were injected and roentgenographed. In most cases, 
both knees were used, so that about one hundred joints were studied. 
The ages of the persons varied from 15 months to 70 years, and the 
majority were in the fifth and sixth decades of life. There were eight 
females in the series. 


The suprapatella, or quadriceps bursa, was remarkably constant in 
size and outline (Figs. 3, 4, 6, 7, 8). In men it extended invariably 
about from 10 to 12 c.c. above the joint line. In young persons and in 
women, the distance was somewhat less, between 9 and 10 c.c. These 
findings practically agree with the figures quoted by Davis,’ who states 























Fig. 9 Fig. 10 


Fig. 9 (Case 6, man, aged 50 years).—Right knee joint (lateral view), with 
100 c.c. sodium iodid (10 per cent.) injected. The suprapatella bursa is distended 
and extends upwards 11 cm.; the infrapatella bursa is well defined, with synovial 
membrane clearly defined above and below the semilunar cartilages; posterior 
condylar prolongations of the joint outline are clearly seen. 


Fig. 10 (Case 7, woman, aged 65 years).—Right knee joint (lateral view), with 
60 c.c. sodium iodid (10 per cent.) injected and evacuated and 60 c.c. air injected. 
The suprapatella bursa is distended, extending upward for a distance of 10 cm. 
above the joint line, the infrapatella bursa is clearly outlined; the synovial mem- 
brane marked above and below the semilunar cartilages is more clearly defined 
anteriorly than posteriorly; external condylar prolongations are clearly defined 
posteriorly. 


1. Davis, G. G.: Applied Anatomy, Philadelphia, J. B. Lippincott Company, 
1910, pp. 535-536. 
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Fig. 11 (Case 8, boy, aged 14 years).—Right knee joint (lateral view), with 
20 c.c. sodium iodid (10 per cent.) and 20 c.c. air injected. The suprapatella 
bursa extends upward 9 cm. above the joint line, extending laterally and mesially 
over the femur for a short distance; the synovial membrane above and below 
the semilunar cartilages is clearly defined, with definite infiltration of the 


posterior condylar prolorgations of the joint. 














Fig. 12 (Case 6).—Left knee joint (lateral view), with 20 c.c. of air injected, 
and 20 c.c. of sodium iodid (10 per cent.) injected. The suprapatella bursa, well 
distended, extends upward from the joint line for a distance of 11.5 cm. The 
joint line is definitely outlined above and below the cartilage, and extension 
of the synovial membrane over the internal and external condyles is visible. 











lig. 13 (Case 9, boy aged lo yrs.).—Right knee jomt (lateral view), with 
20 c.c. air and 20 c.c. sodium iodid (10 per cent.) injected. The suprapatella 
bursa, distended, extends upward 7.5 cm. above the joint line, extending laterally 
and mesially for a short distance; the synovial membrane above and below the 
semilunar cartilages is definitely outlined, as well as the internal and external 
condylar prolongations of the synovial membrane of the joint cavities. 














Fig. 14 Case 10, woman, aged 36 years).—Right knee joint (lateral flexed 
view), with 80 c.c. sodium iodid (10 per cent.) injected, fluid evacuated, and 
40 c.c. air injected. There are compression of the suprapatella bursa, dilata- 
tion of the infrapatella bursa and overlapping of the lateral aspect of the tibia, 
with moderate dilatation of the posterior condylar prolongations of the knee 
joint. 
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that the “supra patella bursa extends from five to seven and one half 
centimeters above the patella.” In all cases, this bursa was in direct 
communication with the knee joint. In addition, it was observed that 
the bursa extended more externally than internally, and that it embraced 
the lower end of the femur on its anterolateral aspect. In no case did 
the bursa extend on the internal surface to any appreciable extent. This 
finding also proved surprising for, in the description of this bursa, 
Gray ® says “on each side of the patella the synovial membrane extends 
beneath the aponeurosis of the Vasti muscles and more especially 
beneath the Vastus internus” (Figs. 3, 4, 6, 8,9). It might be stated 
by some that these findings are not comparable to the actual conditions 
met with clinically, because of the artificial mechanical distention of 
the bursa. Yet it was observed repeatedly that even small amounts of 
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Fig. 15 (Case 3.).—Right knee joint (lateral view), with 60 cc. sodium iodid 
(10 per cent.) injected, sodium iodid evacuated and 60 c.c. air injected. There 
is marked compression of the suprapatella bursa with dilatation of the infra- 
patella bursa and overlapping of the synovial membrane over the lateral aspect 
of the tibia, with exceptional dilatation of the condylar prolongation of the 
joint cavity. 


injected fluid (5 to 10 c.c.) outlined the confines of the bursa to its 
fullest extent. With the introduction of more fluid, the bursae became 
correspondingly more distended in their anteroposterior direction, but 
never laterally or superiorly. 

In the joint line itself, the injection fluid clearly outlined the synovial 
reflections above and below the internal and external semilunar carti- 
lages (Figs. 4, 5, 6, 9, 10, 11, 12, 13). During flexion of the knee, 


2. Gray: Anatomy, Applied and Descriptive, Spitzka Edition, 1913, p. 336. 





COLP-KLINGENSTEIN—THE INJECTED KNEE JOINT 669 











Fig. 16 (Case 8).—Left knee joint (lateral flexed view), with 20 c.c. sodium 
iodid (10 per cent.) and 20 c.c. air injected. The suprapatella bursa is com- 
pressed, and there is distention of the infrapatella bursa with overlapping of 


the lateral surfaces of the tibia and marked dilatation of the posterior condylar 
prolongations of knee joint. 














Fig. 17 (Case 7).—Right knee joint (lateral flexed view), with 60 c.c. 
sodium iodid (10 per cent.) injected and evacuated, and 60 c.c. air injected. The 
suprapatella bursa is compressed, the infrapatella bursa slightly distended, with 
marked overlapping of the lateral sides of the tibia with synovial membrane, 


and exceptional distention of the posterior condylar prolongations of the joint 
cavity. 
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there is a marked increase in the areas of these reflections so that they 
overlap the internal and external condyles of the tibia (Figs. 14, 15, 16). 

With the knee in extension, the fluid barely, though constantly, out- 
lined the synovial membrane covering the posterior surfaces of the 
condyles of the femora (Figs. 4, 5, 9, 11, 12). With the knee in 
flexion, an entirely different picture was obtained (Fig. 7, 14, 15, 16, 
17, 18). The posterior compartment of the knee joint became dis- 
tended by the fluid being literally squeezed from the suprapatella bursa 
by the action of the tendon of the contracting quadriceps extensor 
group of muscles. The filling of the synovial condylar pouches causes 
them to protrude into the popliteal space in a semicircular manner 














Fig. 18 (Case 8).—Right knee joint (lateral flexed view), with 20 cc. sodium 
iodid (10 per cent.) and 20 c.c. air injected. The suprapatella is compressed; 
there is distention of the infrapatella bursa, with overlapping of lateral surfaces 
of tibia and marked dilatation of posterior condylar prolongations of the knee 
joint. 


(Figs. 16, 18, 19, 20, 21) or sausage-shaped protrusion (Figs. 15, 17) 
only to recede again during extension. This is of extreme practical 
importance, for it vividly demonstrates and clearly proves that the 
posterior compartment of the knee joint may be emptied during extension 


and that, owing to its extreme delicacy, any passive motion which is 
made must be instituted gradually and slowly in order to avoid perfora- 
tion, which will spread the contents into the loosely cellular tissues of 
the popliteal space. 

Coexistent with the compression of this quadriceps bursa, there is 
slight distention of the infrapatella bursa (Figs. 14, 15, 16, 19). 
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Fig. 19 (Case 6).—Left knee joint (lateral flexed view), with 20 c.c. air 
and 20 c.c. sodium iodid (10 per cent.) injected. The suprapatella bursa is 
compressed, and the infrapatella distended, with overlapping of the lateral sides 
of the tibia and moderate distention of the posterior condylar portions of the 


joint cavity. 
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Fig. 20 (Case 5).—Left knee joint (lateral view), with 20 c.c. of air and 20 
c.c. of sodium iodii (10 per cent.) injected. The suprapatella bursa, distended, 
extends 9 cm. above the joint line; the infrapatella bursa is compressed; synovial 
prolongations over the internal and external condyles are clearly defined. 
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The popliteal bursa was visualized sixteen times and showed defi- 
nitely as a distinct shadow running downward and posteriorly toward 
the head of the fibula (Figs. 3, 6, 9). 

Further attempt was made to determine at what points the distended 
bursa, with additional pressure, perforated. The value of observations 
such as those are, of course, problematic, yet they emphasize one very 
important point. After a joint has perforated, motion applied simply 
dissipates the fluid farther into the tissues and along fascial planes. 
With the knee extended, the joints usually perforated when they were 
distended beyond a capacity of 100 c.c., the mixture escaping through 
an opening in the apex of the suprapatella bursa and diffusing upward 
along the femur beneath the crureus muscle. A distended joint, when 

















Fig. 21 (Case 9).—Left knee joint (lateral flexed view), with 20 c.c. air and 
20 c.c. sodium iodid (10 per cent.) injected. The suprapatella bursa is com- 
pressed, with distention of the infrapatella bursa overlapping the lateral surfaces 
of the tibia, and dilatation of the condylar prolongations of the joint outlined. 








it was forcibly flexed, perforated through the posterior condylar pro- 
longations of the synovial membranes into the popliteal space running 
upward and downward in the manner of a collar button abscess, the 
area being increased by active motion of the joint. 


These anatomic facts have a wide and important, practical applica- 
tion. In operative procedures around the lower end of the femur, 
especially in infective processes, the knee joint can be avoided by 
attacking the focus laterally and as far posteriorly as possible. In this 
way, the primary incision may be deepened until the periostetim is 
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reached, and this may be stripped mesially without entering the joint, 
care of course being taken to avoid the femoral vessels. In inserting 
Steinmann’s nails or tongs for skeletal traction in fractures of the 
femur, the relationship of these bursae should always be borne in mind 
in order to avoid entering the joint. Compound fractures in this region, 
within from 10 to 12 c.c. of the joint line may enter the suprapatella 
bursa. 

As far as the Willems treatment for suppurative processes of the 
knee joint is concerned, it is very evident that the motion certainly 
drains all compartments of the joint, for the material is alternately 
expressed from the anterior and posterior compartments of the joint. 
It also demonstrated the extreme danger of forcible manipulation, and 
emphasizes the fact that when once perforation has occurred, all motion 
must be suspended immediately, for movement only spreads the infec- 
tion at a rapid rate. 


Ta Seer SSE = : 


Se. PPO 


ona 


j 
! 
18 
j 
i 
i 
¢ 
i 
i; 
{. 
| 








HIRSCHSPRUNG’S DISEASE, OR CONGENITAL 
MEGACOLON 


OTTOKAR HOFMANN, M.D. 
AND 
GEORGE HOBERT EWELL, M.D. 


KANSAS CITY, MO, 


In 1886, Hirschsprung * described congenital idiopathic megacolon. 
Cases were reported prior to this time, however, notably by Parry ? 
in 1825 and, in this country, by Lewitt * of Chicago in 1867, but, on 
account of Hirschsprung’s classical description and detailed study, the 
condition has been rightfully called in the literature Hirschsprung’s 
disease. 


The question has been frequently raised as to whether the disease 
was idiopathic in character or whether it was due to congenital mal- 
formations in the gastro-intestinal tract producing partial obstruction 
with the subsequent formation of megacolon. Hirschsprung, who was 
well aware of this possibility, stated that no such obstructions existed 
as a causative factor in the cases he was describing. 


We consider the case reported in this article one of congenital 
megacolon because of the mode of onset, and because of the clinical and 
operative findings. 

REPORT OF CASE 


History—C. Z., a boy, aged 8 years (referred by Dr. D. M. Forbes, Selden, 
Kan.), was admitted to the hospital April 13, 1922, complaining of constipation 
with an enlarged abdomen. 

Eight hours after the birth of the child (a normal delivery) the attending 
physician noticed that the child’s abdomen was greatly enlarged and distended. 
This condition persisted for several days during which time the child had no 
bowel movements ; enemas and laxatives only partially succeeded in relieving the 
abdominal distention. Respiratory distress was noticed at this early period. 
The child was fed at the breast for about ten months; during this time the 
abdominal distention persisted, and the child suffered from gastric disturbances 
and constipation. During the next few years, the condition remained practically 
the same, the abdomen gradually increasing in size with gastric disturbances 
and constipation always present. There were occasional attacks of dyspnea 
and cyanosis, and, on one occasion, when the child was 5 years of age, the 
dyspnea and cyanosis became so marked that he was apparently moribund. 
When the attending physician introduced a large trocar into the distended bowel, 


1. Hirschsprung: Demonstration zweier Praparate, Verhandl. d. IV. Ver- 
samml. d. Gesellsch. f. Kinderheilk., Berlin, 1886, p. 36. 


2. Parry, quoted by Graves, S.: Congenital Idiopathic Dilatation of the 
Colon, Ann. Surg. 67:734 (June) 1918. 


3. Lewitt, quoted by Graves (Footnote 2). 
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the escape of an enormous quantity of liquid feces and flatus immediately relieved 
the distressing symptoms, and the child recovered his former status ‘of health. 
Fortunately, no unfavorable complication followed the introduction of the 
trocar. 

The child had measles at the age of 4, scarlet fever at 5, and several attacks 
of tonsillitis. Tonsillectomy was done at the age of 7. The parents were living 
and well, and one brother and one sister were living and well. 

Examination.—The patient was fairly well developed and nourished. His 
height was 47 inches (1.2 m.) and his weight 54 pounds (24.5 kg.). His men- 
tality was normal. The examination of the scalp, eyes, ears, nose, mouth and 
teeth was grossly negative. The pharynx was normal and the neck presented 
no palpable glands. The thorax was barrel-shaped, its expansion good, and it 
was found clear on auscultation and percussion. The heart, which was not 
enlarged, gave sounds of good quality; a soft systolic murmur at the base was 
not transmitted. The abdomen was enormously distended, rounded (Figs. 1 and 
2), and tympanitic; there were no palpable masses and no tenderness or marked 
rigidity. The superficial veins were slightly distended and the umbilicus was 
protruding. The greatest circumference of the abdomen was 34 inches (0.86 cm.). 
The genitalia were normal. The neuromuscular reactions were normal. The 
rectal examination proved that the anus was normal, and a digital examination 
revealed no mass or obstruction. The proctoscopic examination revealed no 
abnormalities. The blood examination revealed: red blood cells, 4,200,000; 
hemoglobin, 80 per cent.; white blood cells, 8,000; polymorphonuclears, 70 per 
cent.; small mononuclears, 24 per cent.; large mononuclears, 5 per cent., and 
eosinophils, 1 per cent. The urine was normal. 

Roentgenograms showed that the stomach was enlarged to twice the ordinary 
size for a boy of 8 years and, because of the enormous distention of the colon, the 
stomach was displaced to the right, causing a distinct angulation at the pylorus 
(Fig. 3). The cecum was dilated to almost twice the ordinary size. The first 
part of the transverse colon appeared to be relatively constricted at its junction 
with the middle third, and the remainder of the transverse colon and the 
decending portion appeared to be distended until its diameter was about six 
times the normal diameter. The sigmoid flexure showed no abnormality, and 
the rectum appeared normal (Figs. 4 and 5). The roentgen-ray diagnosis was 
Hirschsprung’s disease. The preoperative diagnosis was also congenital mega- 
colon, or Hirschsprung’s disease, and the postoperative diagnosis was the same. 

Operation—Appendectomy and cecostomy were performed. When the 
abdomen was opened, the enormously distended colon immediately came to view, 
The walls were thinned; the sigmoid was palpated and found to be only some- 
what enlarged and apparently thickened; the cecum was somewhat. enlarged 
and thickened, but no kinks or abnormalities productive of obstruction could 
be found. Because of the respiratory distress and the enormously distended 
bowel, resection or anastomosis was obviousiy out of the question. There- 
fore, a preliminary cecostomy was immediately decided on, with the idea of a 
resection or an anastomosis at a future date, providing the hoped for improve- 
ment following the cecostomy would render the patient’s condition such that the 
more radical procedure could be carried out. The appendix was removed, as 
it appeared chronically inflamed, and a No. 30 F catheter was inserted into the 
cecum and held in place by a double row of purse string sutures. The patient 
was then returned to his bed, a colon tube inserted and irrigations were made 
every four hours through the catheter with 1,500 c.c. of a 2 per cent. tannic acid 
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solution. Small doses of pituitary extract were given hypodermically, and 
the following day the oral administration of Bacillus bulgaricus was com- 
menced. Large quantities of liquid feces and flatus passed through the colon 
tube resulted in marked subsidence of the distention. Owing to the marked 
improvement in the patient’s general condition we decided to make a resection 
on the fourteenth day after the cecostomy. On the afternoon of the thirteenth 
day, the abdominal distention suddenly recurred accompanied by marked dyspnea 
and grave cyanosis. The heart action became feeble, and death followed. 
Unfortunately, we were unable to secure a necropsy in this case. 
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Fig. 1—Enlarged abdomen of patient with congenital megacolon. 


ETIOLOGY 


Many theories have been advanced as to the causative factors of 
the disease. Hirschsprung himself believed, since constipation started 
at birth, that the underlying cause must be considered either an anomaly 
of development or a pathologic fetal process. 

That the conditions in all cases were due to obstruction was believed 
by Treves;‘* that a neuromuscular defect was responsible was advanced 


4. Treves: Idiopathic Dilatation of the Colon, Lancet 1:276, 1898. 
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by Hawkins,’ and concurred in by Mayo,® while Mya‘ considered the 
hypertrophy secondary, following a congenital dilatation. Valve forma- 
tion as an important etiologic factor was described by Perthes.* 

Other contentions are those of Kauffmann® and Marfan,’’ the 
former dividing congenital megacolon into one group as Hirschsprung 
has done and into another comprising instances of unusual length of the 
sigmoid colon with the formation of loops and valve closures, or else a 
condition produced by pressure of one loop on another. The latter 
asserts that the excessive length of the sigmoid, together with the 
formation of kinks and the “valve lock,” is the cause of the disease. 

Finney," after reviewing the literature, believes that no single factor 
is responsible for the condition. Among the many causes quoted by 
him are the existence of an abnormally long mesentary, chronic colitis, 
spastic contractions of the sphincter, connective tissue hyperplasia of the 
rectum and increased length of the sigmoid. Finney himself believes 
that lymphangiectasis is an important etiologic factor. 

Aschoff ** states that enlargements of the intestinal canal usually 
appear above stenosis; commonly, a work hypertrophy of the muscu- 
lature appears following the dilatation if the onset is not too acute. 
Dilatations may become enormous whenever a stenosis has been gradual 
or has involved a valve. Hirschsprung’s disease, in his opinion, probably 
belongs to the latter group. 

Rassieur ** reports a case in which careful study showed five kinks 
in the bowel. One was located 1 cm. from the beginning of the cecum, 
a second at the hepatic flexure, a third at the splenic flexure, a fourth 
in the middle of the decending colon and a fifth at the end of the 
decending colon. He could make out no valves or tumors at any of the 
kinks. 


5. Hawkins, H. P.: Idiopathic Dilatation of the Colon, Brit. M. J. 1:477 
(March) 1907. 


6. Mayo, W. J.: A Study of the Retrosigmoid, Surg., Gynec. & Obst. 25: 
616 (Dec.) 1917. 

7. Mya, quoted by Graves (Footnote 2). 

8. Perthes, quoted by Wilkie, D. P. D.: Hirschsprung’s Disease, Edinburgh 
M. J. 3:203, 1909. 

9. Kauffmann: Lehrbuch der speziellen pathologischen Anatomie, 1909 
p. 444. 

10. Marfan: De la constipation des nourissons et an particulier de la con- 
stipation d’origine congénitale, Rev. mens. d. mal. d. l’enf., April, 1903, p. 153. 


11. Finney, J. M. T.: Congenital Ideopathic Dilatation of the Colon, Surg., 
Gynec. & Obst. 6:624, 1908. 


12. Aschoff: Pathologische Anatomie, Ed. 3, Jena, G. Fischer, 2:846, 1913. 


13. Rassieur, L.: Hirschsprung’s Disease: Report of Case. J. Missouri M. A. 
19: 139-144 (April) 1922 
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David '* recently reported three cases of megacolon due to congenital 
rectal stricture, and in conclusion he stated that his cases did not 
present a typical picture of Hirschsprung’s disease, but that at least 
they came under the heading of fecal impaction and incomplete obstruc- 
tion of the bowel due to congenital rectal stricture. These three cases 
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Fig. 2.—Displacement of the stomach upward and to the right, so that the 
duodenal cap and the pylorus lie below the body of the stomach and point to 
the left. 


emphasized the importance of purely mechanical factors in the produc- 
tion of megacolon. No other record of megacolon in childhood associ- 


14. David: Congenital Rectal Stricture as the Cause of Infantile Megacolon, 
Surg., Gynec. & Obst. 37:197 (Aug.) 1923. 
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ated with congenital rectal stricture, except the case reported by Treves 
in 1898, was found by him in the literature, and it is his belief that 
careful rectal examinations in cases of infantile megacolon will bring to 
light etiologic factors of importance in some of the cases. Regression 
of the megacolon following proper operative measures for the relief 
of the mechanical obstruction occurred in two of his cases. A case 
somewhat similar to those recorded by David is one reported by Rogers,’® 
in a child aged 9 months in whom he found a rectal stricture and the 
anal region bisected by a thick fibrous raphe. Roentgen-ray exami- 
nation revealed a dilated sigmoid, and operation disclosed an early 
Hirschsprung’s disease. The enlargement began just above the internal 
sphincter; the intestine, the diameter of which was that of a small 
orange, tapered up throughout the length of the colon to the hepatic 
flexure. 

Wilkie ?® believes that an exaggeration of a long sling-like pelvic 
colon, usually found in infants, is the cause of the disease, that there 
is no evidence that hypertrophy is found at birth as contended by 
Hirschsprung and Kredel,’* but that a kink or valve forms by sagging, 
with subsequent dilatation and hypertrophy. Bailey ** concludes that 
megacolon may be due to any congenital defect that produces stasis in 
the bowel, either through neuropathic or through mechanical inter- 
ference with peristaltic action. Potter '® and Marchand *° are of the 
opinion that an early obstruction results in a dilatation; even though 
the obstruction is relieved, it is followed by a secondary hypertrophy. 
Holt’s opinion, as quoted by Meyers,”’ is that “the primary condition 
in Hirschsprung’s disease is that of congenital hypertrophy and that 
spasm of the sphincter is aded to this.” Fenwick ** observed a case in 
which the hypertrophy and dilatation extended down to the anal ring 
and spasm of the sphincter was present. Hoffmann,?* from a study of 
ten cases of Hirschsprung’s disease, concludes that volvolus and a chronic 


15. Rogers: J. Ohio State M. A. 19:172-176 (March) 1923. 
16. Wilkie, D. P. D.: Hirschsprung’s Disease, Edinburgh M. J. 3:203, 1909. 
17. Hirschsprung and Kredel: Bowel Sluggishness in the New-Born, the 

Result of Dilatation and Hypertrophy of the Colon, Jahresb. f. Kinderh. u. 

physische Erziehung 27:1, 1887. 

18. Bailey: Congenito Mechanical Dilatation of the Colon, J. Missouri M. A. 

11:68 (Aug.) 1914. 

19. Potter, P. S.; International Clin. 3:196, Series 1909. 
20. Marchand, quoted by Finney (Footnote 11). 
21. Meyers, A. E.: Dilatation of the Colon in Children, Am. J. Dis. Child. 

19:167 (March) 1920. 

22. Fenwick: ‘Hypertrophy and Dilatation of the Colon in Infancy, Brit. 

M. J. 11:564, 1900. 

23. Hoffmann, G.: Congenital Megacolon, Deutsche Ztschr. f. Chir. 161:175 

(March) 1921; abstr. J. A. M. A. 76:1436 (May 21) 1921. 
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kinking of the lengthened and dilated sigmoid loop were the causes. 
Firth and Playfair,** in a series of interesting roentgenograms, suggest 
why volvolus is a frequent complication. 

Opinions as to the frequency of the disease vary. Ladd,?* in 1921, 
collected 113 cases from the literature, adding 5 of his own, and con- 
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Fig. 3.—Dilatation of the descending colon following a barium enema. 










cluded that the disease was uncommon, while Hoffmann reviews eighteen 
cases from Payr’s service operated on in the years from 1911 to 1921. 






24. Firth, D., and Playfair, K.: Arch. Radiol. and Electroth. 27:321-327 
(April) 1923. 


25. Ladd, W. E.: 







Megacolon, Boston M. & S. J. 184:81 (Jan. 27) 1921. 
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He states that, in his opinion, the disease is not so rare as it is generally 
assumed to be. 

Smith,?* in 1915, collected 392 cases, which would tend to show that 
the disease was not altogether uncommon, although many of the cases 
in his series occurred in adults in whom the symptoms could not be 
traced to infancy. 

Mummery ** records a prevalence of this disease in males in the 
proportion of three to one, and reports from various observers show 
that a familial tendency to the disease may exist. Several cases have 
been cited by Finney in which the abdominal distention of megacolon 
complicated delivery. Popper ?* ubserved megacolon in twins, aged 
4 days. Megacolon, in the opinion of Ladd, is essentially a disease of 
childhood. He arrives at this conclusion because his five patients came 
to him for operation at the early ages of 2 months, 3, 6, 7 and 9 years, 
respectively. Well authenticated cases of true megacolon in adults are 
reported by Wilkie, Hawkins, Terry,?® Hubbard,®® Jackson,*? Herring- 
ham,*? Graves,** and Johnson ; ** in each case the symptoms dated from 
birth or very early infancy, and the diagnosis was confirmed at operation 
or at necropsy. 

PATHOLOGY 


According to Hirschsprung, Concetti,®** and Nuegebauer,** dilatation 
of the sigmoid alone has been present in most of the cases reported. 
Involvement of all the colon except the rectum comes next in frequency, 
and, finally, the whole colon including the rectum. In some of the 
cases reported, the transverse colon alone or the rectum have been 
affected in rare instances. Unlike ordinary cases of obstruction, the 
cecum is not ballooned out nor is the small bowel dilated. Great increase 
in the circumference of the affected portion of the bowel is noted, in 


26. Smith, quoted by Graves (Footnote 2). 

27. Mummery, quoted by Graves (Footnote 2). 

28. Popper, J.: Congenital Megacolon, New York M. J. 112:1030 (Dec. 25) 
1920. 

29. Terry: The Surgical Treatment of Megacolon, J. A. M. A. §7:731 (Aug. 
26) 1911. 

30. Hubbard: Megacolon, Ann. Surg. 63:349 (March) 1916. 

31. Jackson, W. R.: Megacolon, Megasigmoid, Ann. Surg. 66:441 (Oct.) 
1917. 

32. Herringham and Clark: Idiopathic Dilatation of the Sigmoid Flexure, 
Brit. M. J. 2:1240 (Dec. 1) 1894. 

33. Graves, S.: Congenital Idiopathic Dilatation of the Colon, Ann. Surg. 
67:734 (June) 1918. 

34. Johnson, P. P.: Megacolon in the Adult, Boston M. & S. J. 184:88 
(Jan. 27) 1921. 

35. Concetti: Arch. f. Kinderh. 27:319, 1899. 

36. Neugebauer: Verhandl. d. deutsch. Gesellsch. f. Chir., Thirty-fifth 
Congress 1:114, 1906. 
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one instance, 70 cm. in the sigmoid. Lengthening of the affected por- 
tion is also present. Hirschsprung claims that the thickness of the 
muscularis is not increased, as it is in ordinary obstruction of the bowel, 
while Neugebauer states that the muscularis is practically always 
increased in thickness. On the other hand, cases are on record in 
which the bowel was thin enough to be transparent. 
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Fig. 4.—Dilatation of the descending colon following a barium enema. 





The distended bowel contains a large accumulation of gas and fecal 
matter. Within the impacted feces are found fatty acids and sandy 
particles of phosphates. Enormous quantities of feces, as high as 
47 pounds (21.3 kg.), have been removed in a case of megacolon. 
The mucosa frequently appears pigmented, and ulceration occasionally 
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occurs as the result of pressure of the fecal masses. The folds of 
the mucosa are considerably flattened, and the haustral marking is 
usually lost. Microscopically, the wall of the affected bowel shows 
normal musculature, blood vessels and nerves. Pressure symptoms, 
such as may follow any abdominal tumor, have been described: the 
bladder may be enlarged, the liver pushed to the right and the diaphragm 
pushed upward; disturbances of circulation resulting from pressure 
on the vena cava are common, and cases of hydronephrosis resulting 
from pressure on the ureter have also been observed. 

Diagnosis —The diagnosis of megacolon in infancy or in childhood 
should not be difficult. A carefully taken history and physical exami- 
nation can rule out the conditions simulating it, such as rickets, chronic 
indigestion with constipation, acute intestinal obstruction or tubercular 
peritonitis. In the adult, the conditions from which it must be differ- 
entiated are certain forms of chronic ileus, annular forms of carcinoma 
of the intestine, ovarian cysts, dysenteric ulceration of the intestine and 
tubercular peritonitis. In each instance, the history, physical and 
roentgen-ray examination should enable one to arrive at a diagnosis. 

Treatment.—The treatment of megacolon is both medical and surgi- 
cal. The clinician himself must decide which plan is indicated in his 
particular case. Medical treatment consists of the administration of 
atropin when indicated, pituitary extract, enemas and colonic flushings 
with various astringent solutions, proper diet and hygiene. The aim 
of surgical treatment is the ultimate removal of the functionless portion 
of the affected bowel. Whether that is to be accomplished by primary 
resection of the dilated portion or by preliminary colostomy, cecostomy 
or appendecostomy with subsequent resection or by anastomosis without 
resection must be left entirely to the judgment of the attending surgeon. 
Even though deaths caused by technical errors and accidents at operation 
increase the mortality, a study of the literature seems to indicate that 
surgical procedures are preferable to medical treatment. Ladd, in a 
statistical comparison of the results of medical and surgical treatment 
in megacolon, gives the following figures: In sixty cases treated 
medically, there were forty-one deaths, a mortality of 67 per cent.; 
seven patients were cured, 12 per cent. In fifty-eight cases under 
surgical treatment, there were twenty-four deaths, a mortality of 41 per 
cent.; twenty-one patients were cured, 41 per cent. Patel,®’ states 
that about 57 per cent. of the seventy-four children and 57 per cent. of 
the forty-one adults subjected to operation were cured. 

It will be seen from a study of the reports that the results from 
any plan of treatment are not very encouraging. We believe that 


early diagnosis, followed by prompt surgical intervention, offers the 
best chances for success. 


37. Patel, M.: Megacolon, Ann. de gynéc. et d’obst. 37:577-720 (Oct.) 1910; 
abstr., J. A. M. A. 55:2019 (Dec. 3) 1910. 
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ADENOMYOMA OF THE UMBILICUS * 


CHARLES REID EDWARDS, M.D. 
AND 
HUGH R. SPENCER, M.D. 
BALTIMORE 


Cullen,’ in his studies of diseases of the umbilicus, was among the 
first to call attention to a very interesting, though rather rare tumor 
of that region. A tumor occurring in the umbilical cicatrix of women 
between the ages of 35 and 45, reaching its full development within a 
few months after its appearance and characterized clinically by redness, 
swelling, pain and, in some instances, bleeding from the tumor at the 
menstrual period. 


In the cases described by Barker,? Cullen, Giannettasio,*? Goddard,* 
Green ° and Mintz,® the tumors varied in diameter from 0.5 to 3 c.c. 
They projected from the umbilical depression and, in several instances, 
completely filled the cavity. They were covered with a normal appear- 
ing, though often pigmented, epithelium ; occasionally, small cysts filled 
with bluish or brownish fluid could be seen beneath the surface. On 
section, the growths were fairly firm and often streaked with dense 
bands of fibrous connective tissue. Scattered throughout the nodule, 


small cysts filled with brownish fluid were often found. The epithelial 
covering was normal or somewhat increased in thickness. 


The histologic examination showed a normal or moderately thick- 
ened, though intact, epithelial surface. In the tumor proper, strands of 


*From the Departments of Surgery and Pathology of the University of 
Maryland School of Medicine. 

1. Cullen, T. S.:~ Umbilical Tumors Containing Uterine Mucosa or Rem- 
nants of Miiller’s Ducts, Surg., Gynec & Obst., May, 1912, p. 479; The Dis- 
tribution of Adenomyomata Containing Uterine Mucosa, Am. J. Obst. 80: 130-138 
(Aug.) 19199/The Distribution of Adenomyomata Containing Uterine Mucosa, 
Arch. Surg. 1:215-283 (Sept.) 1920¥ Further Notes on Diseases of the Umbilicus, 
Surg., Gynec. & Obst. 35:257-283 (Sept.) 1922. 

2. Barker, Arthur E.: Three Cases of Solid Tumors of the Umbilicus in 
Adults, Lancet 2:128 (July 19) 1913. 

3. Giannettasio: Sur les tumeurs de l’ombilic, Arch. gén. de méd., Series 3, 
1900, p. 52, quoted from Cullen, Diseases of Umbilicus, W. B. Saunders Com- 
pany, 1916. 

4. Goddard, Samuel W.: Two Umbilical Tumors of Probable Uterine 
Origin, Surg., Gynec. & Obst., August, 1909, p. 249. 

5. Green, Charles D.: Transactions of the Path. Soc. London, 1899, quoted 
from Cullen, Diseases of Umbilicus, W. B. Saunders Company, 1916. 

6. Mintz, W.: Das wahre Adenom des Nabels Deutsche Ztschr. f. Chir. 
1:545, 1899. 
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dense fibrous tissue bundles of involuntary muscle fibers were found 
in varying amounts. Scattered throughout the field were numerous 
islands composed of round, oval or irregular glands lined with a single 
layer of cylindric epithelium and placed in a stroma which was rich 
in rather deeply stained mononuclear cells. Many of these glands were 
dilated, and contained red blood cells and particles of blood pigment. 
Red cells and particles of pigment were also found in the stroma about 
these glands. 

Goddard, as cited by Cullen, was perhaps the first to recognize the 
resemblance of these glands to those of the endometrium, and to call 
attention to their probable uterine origin. As Cullen has pointed out, 
tumors of this type are rather widely distributed, occurring most fre- 
quently in the uterus, its adnexa and its ligaments. They are also found 
in the sigmoid flexure and in the rectus muscle. The least common seat 
is the umbilicus. 

Judd and Foulds* of the Mayo Clinic mention 494 cases in which 
adenomyomas were found at operation; 464 were in the uterus, fal- 
lopian tubes, ovaries and uterine ligaments, fourteen in the rectovaginal 
septum, six in the abdominal wall, five in the sigmoid, three in the 
inguinal region, one entering the wall of the bladder and one of the 
umbilicus. 

The following case, a typical example of an adenomyoma of the 
umbilicus, is presented because of the comparative rarity of the condi- 
tion, and because of the rather marked bleeding from the tumor at the 
menstrual period. 

REPORT OF CASE 


History.—Mrs. D. Z., white, aged 45, was admitted to the University Hos- 
pital Sept. 23, 1923, complaining of a painful “bleeding tumor” of the umbilicus. 

The patient had the usual diseases of childhood, followed by an uncomplicated 
attack of typhoid fever at the age of 27. She was married and the mother of 
three living children, the youngest aged 22. All deliveries had been spontaneous. 
She began to menstruate at the age of 14; menstruated regularly, suffered no 
pain and lost only a small amount of blood. 

The present condition had its inception in 1916, when the patient noticed 
some indefinite pain and tenderness in the region of the umbilicus at the time 
of menstruation. Two years later she detected a small hard lump in the 
umbilicus, which grew very slowly. Ever since 1920, it had become swollen 
and quite painful when she menstruated; as menstruation progressed, the skin 
in the region of the umbilicus for about a radius of 2 inches (5 cm.) became 
swollen, tender and had a cyanotic appearance. Finally very dark blood would 
be discharged from the umbilicus, and the discoloration about it would gradually 
disappear, passing through the various shades characteristic of the absorption 
of any subcutaneous ecchymosis, until, in five or six days, the skin had a normal 
appearance. , 


7. Judd, E. S., and Foulds, G. S.: Adenomyomata Involving the Sigmoid, 
Surg., Gynec. & Obst. 37:648 (Nov.) 1923. 








4 


AO CON EE NET 








686 ARCHIVES OF SURGERY 














= 





Fig. 1—Section of mass removed at operation showing tumor projecting 
from umbilicus. 





Fig. 2—Skin surface, glands and stroma of tumor (low power photomicro- 
graph).° 
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Physical Examination.—The patient was rather fat and her color was good. 
The aortic second sound was accentuated; there was a systolic murmur over 
the mitral area. The physical examination was otherwise negative, except that 
the abdomen was fat, and there was a round mass projecting halfway from the 
upper end of the umbilicus. The skin over the mass was slightly excoriated, 
and this excoriation was especially noticeable in the deeper folds. The tumor 
could not be delivered. It was very hard and slightly tender to the touch. The 
tenderness seemed to be due to the excoriation about it. The growth was 
apparently confined to the umbilicus, and the surrounding tissue was normal. A 
vaginal examination revealed nothing unusual. 


Operation.—A field block was done by local infiltration of 0.5 per cent. 
procain; the umbilicus was then excised by an elliptical incision, which was 





Fig. 3.—Skin surface, with red blood corpuscles in the superficial epithelial 
layers (high power photomicrograph). 


made well away from the umbilicus. The abdomen was then closed by con- 
tinuous plain catgut sutures in peritoneum and interrupted chromic catgut in 
aponeurosis and silk in the skin. The patient made an uneventful recovery. 


Pathologic Examination.—The specimen consisted of the umbilicus, adjoin- 
ing skin and underlying subcutaneous fat. The umbilical depression was com- 
pletely filled with a bilobulated tumor mass. This mass was quite firm in con- 
sistency and was covered by a brownish pigmented epithelium. It measured 
2.5 cm. in depth and 2 cm. in diameter. On section, the squamous epithelium 
was evenly thickened over the tumor mass proper, and bands of connective 
tissue traversed: the growth. One such large band divided the tumor into two, 
nearly equal, lobes. A number of small, yellowish gray areas were observed, 
and a number of cysts varying in size from 0.5 mm. to 3 mm. gave the tumor a 
rather peculiar mottled appearance (Fig. 1). 
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Fig. 4.—A group of glands and gland stroma from the tumor, under high 
power. 





Fig. 5.—Epithelial lining of large gland with red blood corpuscles in the 
lumen, under high power. 
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The squamous epithelium was moderately, though orderly, hyperplastic. 
There was considerable keratinization in the superficial layers, and in this area, 
there were small spaces filled with red blood cells and particles of dark brown 
pigment (Fig. 3). Red blood cells and particles of brown pigment were also 
found in areas throughout the stratum lucidum and the stratum granulosum. 
There was a rather uniform prolongation of the rete pegs; most of them were 
thickened and many were bulbed. The greater part of the tumor was composed 
of a rather dense fibrous connective tissue, throughout which small scattered 
bundles of involuntary muscle fibers and glands were noted. These glands varied 
in shape and in size: some were small and rounded, while others were large, oval 
or irregular, and dilated (Fig. 2). These glands contained many excellently 
preserved red blood cells, pink staining albuminous material, and an occasional 
desquamated and somewhat swollen epithelial cell. They were lined with a 
single layer of cylindric epithelium, and lay in a stroma composed of moderately 
large, round mononuclear cells (Fig. 5). Throughout this stroma, red blood 
corpuscles and particles of brownish pigment were seen. Numerous dilated 
vessels were found throughout the section, and a few sudoriferous glands were 
near the skin surface. The epithelium was everywhere orderly, and there was 
no evidence of malignancy. 

The glands and gland stroma were the exact counterpart of the endometrium 
(Fig. 4). The tumor was a typical example of adenomyoma as that term is 
applied to tumors that have their origin in uterine embryonal vestiges or in 
adult endometrium. 


CONCLUSIONS 


The foregoing case is reported as an addition to the literature on 
umbilical adenomyomas and for the purpose of again calling attention 
to the clinical features regarding age incidence and the manifestations 
of the tumor with reference to the menstrual period. Pathologically, 
the definite histologic structure of such tumors makes recognization easy. 
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THE RELATION OF THE BONE MARROW TO 
THE LYMPHATIC SYSTEM 


ITS ROLE IN THE SPREADING OF CARCINOMATOUS METASTASES 
THROUGHOUT THE SKELETON * 


ANATOLE KOLODNY, M.D. 


IOWA CITY 


The study ,of the lymphatic system still remains far from completed. 
The question of the relation of the lymphatics to the two most important 
systems of the animal body, the central nervous system and the bone 
marrow system, has been especially obscure. There has existed a 
widespread opinion that the brain is entirely lacking in independent 
(not perivascular ) lymph channels. Unbelievable as it is, that the lymph 
circulation in the most delicate tissue in the body—the brain substance— 
is dependent for its metabolism on the perivascular lymphatics, this 
opinion was supported by such authorities as His‘ and Retzius. Bevan 
Lewis * was the first to raise the question of an intervascular lymphatic 
system, independent of the perivascular and intravascular systems ; 
once raised, this question never disappeared from the literature until 
Meynert proved clinically and Kronthal* morphologically that there 
are lymphatics of the cortex of the brain independent of the blood 
system. 

The study of the circulation of lymph in the bone marrow possesses 
a similar history. Even the question of the blood channels in the bone 
marrow is still a much disputed one, in spite of the thorough and recent 
work of Drinker and Lund,‘ and of Doan.’ It seems, however, to be the 
opinion of the majority that the blood capillaries of bone marrow are a 
closed canal system lined with endothelium. 


* From the Department of Anatomy, University of Illinois, and the Depart- 
ment of Surgery, University of Iowa. 

1. His, W.: Ueber ein perivasculares Kanalsystem in den nervésen Central- 
organen und ueber dessen Beziehungen zum Lymphsystem, Ztschr. f. wissensch. 
Zool. 15:127, 1865. 

2. Bevan, Lewis: A Textbook of Mental Diseases With Special Reference 
to the Pathological Aspects of Insanity, London, 1889, p. 80. 

3. Kronthal, Paul: Lymphcapillaren im Gehirn, Neurol. Centralbl. 9:679, 
1890. 


4. Drinker, C. K.; Drinker, K. R., and Lund, C. C.: Circulation in the 
Mammalian Bone Marrow, Am. J. Physicl. 62:1 (Sept.) 1922. 

5. Doan, C. A.: The Capillaries of the Bone Marrow of the Adult Pigeon, 
Bull. Johns Hopkins Hosp. 33:222 (June) 1922. 
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Tillmanns and Budge were the first to take up the matter of the 
lymph circulation in the skeleton. Tillmanns * confined his work to the 
circulation of lymph in the joints. In his paper on this subject, he came 
to the conclusion that the hyaline cartilage covering the articular sur- 
faces of the bones has no lymph vessels. Budge’ mentions perivascular 
lymphatics in the substantia compacta of the bones. In recent literature, 
the work of Rauber* is the most outstanding; he asserts that the 
haversian canals are lined with endothelium. This endothelium forms 
the external wall of the perivascular lymph channels surrounding the 
singular or multiple blood capillaries, coursing in the central portion of 
the haversian canals. These perivascular lymphatics anastomose widely 
with the abundant lymphatics of the periosteum. Prussian blue injected 
into the periosteal lymphatics freely penetrates the substantia compacta 
and stops abruptly at the endosteum (perimedullary space). In the last 
edition of Morris’ anatomy, Clark ® writes concerning the lymph circu- 
lation in the bones as follows: “Lymph capillaries have also been 
described accompanying the blood vessels in the haversian canals in 
bones. Nothing is known concerning the lymphatics of the bone mar- 
row.” A more definite statement was made by Roger and Josué; they 
denied the existence of lymphatics in the bone marrow; in a special 
monograph *° dealing with the histology of the bone marrow, these 
authors state: “Il n’existe pas de vaisseaux lymphatiques dans la moelle 
des os.” The only experimental study of this question was made by 
Piney ** in 1922. This author attempted to demonstrate the lymphatics 
of the bone marrow by direct injection with Prussian blue. His failure 
to obtain any results led him to the conclusion that the bone marrow is 
lacking in lymph channels. This is the stage in which the subject has 
remained until the present day. 


It was unbelievable to us that a complexity of tissue rich in connec- 
tive tissue elements and supplied with abundant blood vessels would be 
lacking in lymph vessels. Such a fact would not be in accord with the 
present day views concerning tissues derived from the mesoderm. How- 
ever, before taking up again this matter, after all the categorical denials 


6. Tillmanns, H.: Die Lymphgefasse der Gelenke, Arch. f. microscop. 
Anat. 12:649, 1876. 
7. Budge, A.: Die Lymphwurzeln der Knochen, Arch, f. mikr. Anat. 13:87, 
1877. 
8. Rauber, A.: Rauber’s Lehrbuch der Anatomie des Menschen, Leipzig, 
1911, pp. 5 and 17. 
9. Clark, Eliot R.: Morris’ Human Anatomy, Ed. 7, Philadelphia, P. 
Blakiston’s Son & Co., 1923, p. 735. 
10. Roger and. Josué: La Moelle osseuse a l'état normal et dans les infec- 
tions, Paris, 1899, p. 5. 
11. Piney, A.: The Anatomy of the Bone Marrow, Brit M. J. 2:792 (Oct.) 
1922. 
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of the existence of lymph channels in the bone marrow, it was necessary 
to account for possible errors in the technic of Pirey’s investigation. 
The highly delicate structure of the bone marrow, with its multitude of 
thinly walled capillaries and loosely interwoven parenchyma, seemed to 
argue against any methods of study based on injection, i. e., the 
forcing of foreign material into the medullary cavity. The most favored 
methods of studying lymph vessels by injection since Sappey and 
Gérota, I believe, are absolutely not applicable in the study of the lymph 





Fig. 1—Iliac lymph node of a dog (magnification, 80 diameters), two weeks 
after the introduction of India ink into the medullary cavity of the femur. Carbon 
particles are transported to and deposited in the lymph node. 


vessels of the bone marrow. When Piney was trying to force his 
injecting mass into the lymph channels of the bone marrow, he always 
noticed an injection of the blood capillaries. It was obvious to me that 
unless I refrained from this method of study I would be doomed to 
failure. I chose a physiologic way of study, based on the same prin- 
ciple as the known doctrine spoken of as Cohnheim’s law. This doctrine 
states that the tubercle bacillus reveals the seat of its entry into the 
body by producing specific changes in the lymph nodes that receive 


me 
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lymphatics from the area in which it enters. It is known that, if a 
soluble material is injected hypodermically, it passes into the connective 
tissue spaces, and is taken up by the blood capillaries ; in the interchange 
of soluble material in the tissues, the physical conditions are all in favor 
of its direct entry into the blood. If the injected material is insoluble, 
its destination is different ; the solid particles are taken up by phagocytic 
cells, some of which enter the lymphatics. These are carried to the 
lymph nodes. Considering these facts, our hypothesis was: If the 
bone marrow has any relation to the lymph system, foreign material, 
introduced into the medullary cavity, will be transported to and appear 
in lymph nodes, which will be regional lymph nodes of the bone marrow 
of the respective bone. My idea was to introduce a few drops of India 
ink or carmin emulsion into the medullary cavity of a bone, and, at a 
later date, to examine the main groups of the lymph nodes in the 
adjoining regions of the body. 

My experiments were conducted on the femur, tibia, fibula, humerus, 
radius and ulna of dogs. Through a small incision the diaphysis of 
the bone was exposed, the periosteum stripped and a hole 2 mm. in 
diameter drilled through the substantia compacta into the medullary 
cavity. After the removal of the drill, blood began to flow from the 
medullary cavity. I waited until the bleeding stopped of its own accord, 
showing that the pressure in the medullary cavity was not above that 
on the outside (atmospheric). By means of a specially made needle, 
from three to five drops of India ink or carmin were introduced into 
the medullary cavity. After the removal of the needle, the hole in the 
bone was carefully examined to see if any fluid had escaped from the 
medullary cavity, which would indicate that the fluid introduced was 
under a pressure higher than atmospheric. Every case in which this 
sign of increased pressure in the medullary cavity was observed was 
discarded and no further study was made of it. In the other cases, 
the hole in the bone was closed with Horsley’s wax and the wound 
sutured. 

The animals were killed in from one to three weeks after the opera- 
tion. An examination of the lymph: nodes of the adjoining regions of 
the body revealed the following: As early as from twelve to fourteen 
days after the operation we could recognize, grossly, carbon particles or 
carmin deposited in certain groups of lymph nodes. A microscopic 
study revealed this foreign material present in the lymph nodes at an 
even earlier date, from five to seven days after the operation. Carbon 
particles reached the periphery of the gland in the interior of phagocytic 
cells, and passed into the subcapsular sinuses, where they lay in the 
meshes of the fine network of reticulated fibers and endothelial cells. 
These pigment carrying cells did not pass completely through the gland, 
but found their way from the sinuses into the lymphoid nodules of the 
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cortex and the lymphoid cords of the medulla. At a later date, they 
penetrated the middle of the germ centers. In every case of operation 
on any of the long bones of the lower extremity, the same group of 
lymph nodes showed a deposit of foreign material; similarly, another 
definite group of lymph nodes showed a deposition of the foreign 
granules in every case of the bones of the upper extremity. In the 
cases of the bones of the lower extremity, these lymph nodes are, in a 
dog, the iliac nodes. I divide these nodes into two groups; the external 





Fig. 2—Bone marrow of a dog (magnification, 230 diameters) three weeks 
after the introduction of India ink into the medullary cavity of the femur. The 
carbon particles, which had not left the medullary cavity, are taken up by 
various reticular elements of the bone marrow. 


group corresponding to the external chain of the external iliac group in 
man, and the internal group corresponding to the hypogastric lymph 
nodes in man. In cases of the long bones of the upper extremity, the 
involved lymph nodes were the cervical lymph nodes, between the 
cucullaris superior, levator scapulae ventralis and sternocleidomastoides 
muscles. In man, they correspond to the supraclavicular lymph nodes 
(lymphoglandulae cervicales profundae inferiores). A most careful 
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examination of the identical lymph nodes of the opposite side as well as 
of the other lymph nodes of the body revealed no trace of the foreign 
material introduced into the medullary cavity. 

These results led us to conclude that the bone marrow has a definite 
lymph circulation, and that the groups of lymph nodes described are 
the regional lymph nodes of the long bones of the lower and upper 
extremities, respectively. In other words, these lymph nodes drain the 
lymph circulating in the bone marrow. In analogy with the regional 
lymph nodes of other regions, we expected these lymph nodes to 
respond also to inflammatory conditions of the bone marrow of the 
respective bone. To cover this point, another series of experiments was 
conducted. The technic used in these experiments was the same as 
that described above, except that a drop of an emulsion of streptococci 
or staphylococci was introduced into the bone marrow. Thirty-six 
hours were sufficient in two cases to produce a very marked reaction in 
the regional lymph nodes of the experimented bones, while the bone 
marrow showed an extensive abscess. In all other cases of this series, 
an energetic response of the regional lymph nodes was obtained. 

A study of the distribution of the particles of foreign material still 
remaining in the bone marrow showed that these particles had been 
taken up by various large cells of the endothelial type. Whether or not 
some of these impregnated cells were enclosed in lumina of certain 
tubular structures, which we would.expect to be lymph channels of the 
bone marrow, I do not know positively. 

At this stage in the experimental study, it was apparent that the 
results, although they proved beyond any doubt that there was a definite 
direct relationship between the bone marrow and the lymphatic system, 
were not sufficiently obvious from the standpoint of the dogmatic 
morphologist to prove that the bone marrow is supplied with lymph 
vessels, since these results were obtained from clinical and pathologic 
data and not from direct observation of these lymph channels. By 
means of further study an attempt was made to clear up this point. A 
careful examination of the soft tissues surrounding the femur of dogs 
that had been operated on led to the discovery of a vessel impregnated 
with the same material introduced into the medullary cavity at the time 
of the operation. This channel, never described before, was found to 
be a permanent, anatomic structure in the femur of the dog. It pierces 
the bone obliquely, appearing on the surface, on the anterior aspect, 
immediately beneath the linea intertrochanterica. In some cases, it was 
possible to trace this channel for a distance of 2 inches (5.08 cm.). 
Histologically, this channel consists of an endothelial lining covered with 
a diffuse, connective tissue sheath, in which the elastic and muscular 
elements are irregularly scattered. The impregnation of this vessel 
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with the foreign material introduced into the medullary cavity leads me 
to the conclusion that this is the lymphatic trunk draining the lymph of 
the bone marrow of the femur. 


COMMENT 


In a consideration of probable errors in the conclusions obtained 
from the results of the previously described experiments, it is necessary 
to consider just one probability; this possibility is that the foreign 
material introduced into the medullary cavity passed through the peri- 





Fig. 3.—Section of the “lymph channel” (magnification, 150 diameters), 
through which foreign material introduced into the medullary cavity of the 
femur leaves the bone. The section was taken at the point where the channel 
pierces the bone from within the medullary cavity. 


vascular lymphatics of the substantia compacta into the periosteal lymph 
vessels and from there was transported to the lymph nodes. In this 
case, it would be necessary to consider the lymph nodes described above 
as regional lymph nodes of the periosteum and substantia compacta of 
the respective bone, and not of its medullary cavity and bone marrow. 
My conclusions are free from such an error; this was learned from the 
fact that, in every case, the periosteum and soft tissues covering the 
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drilled bone did not show the slightest trace of the foreign material 
introduced into the medullary cavity, and in no case did the substantia 
compacta of the bone show a trace of foreign material in the haversian 
canals. 

The whole question of the existence of a perivascular lymphatic 
system in the substantia compacta, as described by Rauber, is somewhat 
problematic. An experiment conducted for the purpose of covering the 
point of possible transmission of foreign material from the medullary 
cavity through the substantia compacta led me to take this point of view. 
I drilled a blindly ending channel about 2 mm. in diameter and 6 mm. 
long in the substantia compacta of a dog’s femur, so that the cavity thus 
formed did not communicate either with the periosteal or with the 
endosteal surface of the bone. This cylindrical cavity was filled with 
India ink, and the open end of it was closed with cement. When the 
bone was sectioned from four to five weeks after the operation, the 
foreign material introduced was found intact in the cavity, and no 
traces of it could be found in the surrounding haversian canals, bone 
marrow or periosteum. These experiments do not seem to be sufficient 
to deny the existence of perivascular lymph vessels in the substantia 
compacta, but I believe that these results strengthen still more my 
belief that the foreign material introduced into the medullary cavity did 
not pass to the lymph nodes through the periosteal lymph vessels, but 
through the channel previously described. 

The fact that the lymph in the bone marrow has a tendency to flow 
in a certain definite direction toward the exit of its lymphatic trunk 
from the medullary cavity was concluded from an interesting occurrence 
which we observed during the microscopic examination of bone marrow 
in which foreign material had been previously introduced. If we drilled 
a hole through the substantia compacta of a femur at about its middle 
(between both nutrient foramina) and introduced a few drops of India 
ink into the medullary cavity, we noticed later the following picture: 
While India ink could be found in endothelial cells high up around the 
neck of the femur, very little traces, if any, could be detected in a 
section through a distal region of the femur, at a distance much closer 
to the drilled hole than the femoral neck. 

The channel described above as the lymphatic trunk draining the 
bone marrow of the femur is not an exceptional feature in the dog. In 
an Indian elephant that we had an opportunity to study in the spring 
of 1924, the foramen through which this vessel passed from the femur 
was easily found. In that animal, weighing about 6,000 pounds (2720 
kg.) this channel was as wide as the lead of a pencil. 

The question of the relation of the bone marrow to the lymphatic 
system is of great importance, not merely from the theoretical, anatomic 
standpoint; the surgical physiology and pathology of the lymphatic 
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system prove this. It is therefore surprising that neither the clinical 
surgeons nor the pathologic anatomists have ever mentioned in the litera- 
ture an involvement of the regional lymph nodes described above in 
inflammatory conditions of the bone marrow, before a periosteal and 
soft tissue reaction takes place. To quote just one recent statement of 
a surgeon ** (Magnus): “When in acute osteomyelitis a phelgmon of 
the medullary cavity of a long bone develops, as a rule, an inflammatory 
involvement of the regional lymph nodes does not occur. A _ bubo, 
developing following an acute phlegmon of the bone marrow is rather 
a very rare occurrence, and it is questionable if it ever occurs.” ** 





Fig. 4.—The “lymph channel” of the femur passing the substantia compacta ; 
magnification, 100 diameters. 


12. Magnus, G.: Die Darstellung der Lymphwurzeln in menschlichen und 
tierischen Geweben, ihr Verhalten in serésen Hauten und ihre Bedeutung fiir 
deren Pathologie, Deutsch. Ztschr. f. Chir. 175:147, 1922. 

13. “Wenn in Verlauf einer akuten Osteomyelitis eine Markphlegmone im 
Innern eines langen R6hrenknochens sich abspielt werden wir keinesfalls eine 
entziindliche Schwellung der regionaren Lymphdriisen als Regel erwarten, im 
Gegenteil ein Bubo, der sich im Anschluss an eine akute Markphlegmone 
entwickelt diirfte etwas sehr Ungewohnliches sein, und es ware zu untersuchen 
ob es tiberhaupt vorkommt.” 
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This statement well demonstrates the haziness in the minds of different 
authors on the question of the relationship between bone marrow and 
the lymphatic system. Arguments emphasizing the fact that bone mar- 
row is lacking in lymph vessels are supported by clinical evidence, which 
is based on an a priori wrong principle. These authorities accept the 
axillary lymph nodes as regional for the long bones of the upper 
extremity, and the inguinal lymph nodes as regional for the long bones 
of the lower extremity. In two cases of acute osteomyelitis, which I 
had the opportunity to examine at necropsy, the regional lymph nodes 
as shown by our experiments above were extensively involved. 

The definite, direct relationship of the bone marrow to the lymphatic 
system proved by our experiments is of great importance in the pathol- 
ogy of metastatic epithelial bone tumors. When Von Recklinghausen ** 


TABLE 1.—Bone Metastases from Malignant Tumors 
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first described in his epoch making monograph the pathologic entity 
known as skeletal carcinosis, he suggested his circulatory-mechanical 
theory of the metastatizing of tumors to the skeleton. According to this 
theory, the vulnerability of the skeletal system is to be ascribed to the 
ease with which cancer cells, brought by the blood stream, can be 
retained in the capillaries of the bone marrow. The wide caliber of the 
capillaries of the bone marrow, the thinness of their walls, their 
enclosure in a bone shell—all these peculiarities, lead to a retarding of 
the blood stream in the capillaries and small veins and to an occurrence 
of peripheral stagnation (ruhende Wandschichten) where the malig- 
nant cells can grow and multiply. Neusser ** has attempted to explain 
the frequent occurrence of bone metastases in connection with certain 
varieties of carcinoma by a “blood affinity” (Blutverwandtschaft) 
between the bone marrow and the prostate, the breast and the thyroid. 


14. Von Recklinghausen: Die fibrése oder deformative Ostitis, die Osteo- 
malacie und die osteoplastische Karzinose in ihrer gegenseitigen Beziehungen, 
Festschrift d. Assistenten f. R. Virchow, 1891. 

15. Neusser, E.: Klinisch-hamatologische Mitteilungen, Wien. klin. Wchn- 
schr., 1892, p. 41, 5, No. 3. 











' 


ee aa 





700 ARCHIVES OF SURGERY 


This explanation was later accepted by Paltauf, Bamberger and others. 
The conception rather vaguely expressed by Neusser is not only merely 
hypothetical but absolutely not in accord with clinical facts; this will 
be seen from a few figures on the frequency of bone metastases from 
malignant tumors in different organs, based on necropsy material. 








Fig. 5.—A section made through a cavity 2 mm. in diameter and 6 mm. long 
drilled in the substantia compacta of a dog’s femur (magnification, 60 diame- 
ters); India ink was introduced, and the opening sealed with cement (insert). 
The dog was killed two weeks after operation. No absorption of India ink 
through the substantia compacta can be detected. 


According to Schmorl, 7 per cent. would have to be added to all the 
figures in Table 1, if microscopic examinations of the bones were made. 
If the occurrence of bone metastases in tumors of the breast, thyroid, 
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and prostate has to be explained by a “Blutverwandtschaft” between 
the bone marrow and these organs, the existence of such a “Blutver- 
wandtschaft” will have to be admitted between the bone marrow and 
many other organs of the body. 

The thirty-five years that have elapsed since the theory of Von 
Recklinghausen was first suggested have not produced any other facts 
to support it. The two arguments of the supporters of this concep- 
tion are still the same: first, the fact that in metastatic carcinoma of 
bone veins filled with carcinomatous cells are easily found ; and second, 
the general opinion that bone marrow is lacking in lymph vessels. It 





Fig. 6—Femurs of dogs, showing the “lymph channel”; in the femur to the 
right, the lymph channel is impregnated with carmin introduced into the 
medullary cavity three weeks previously. 


is well known that carcinomatous cells can be readily found in blood 
vessels in any protracted case of carcinoma and not merely in skeletal 
carcinoma. The general belief that the bone marrow has no relation to 
the lymphatic system was the most forceful argument presented by 
authorities, who accepted the circulatory-mechanical theory of Von 
Recklinghausen. W. S. Handley ** was the only authority who con- 
tinued to affirm that carcinomatous metastases in the skeleton were in 


16. Handley, W. S.: Cancer of the Breast and Its Operative Treatment, 
London, T. Murray, 1906. 
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no way different from similar metastases in other organs, and that the 
route that these metastases take is the usual one in carcinomatous 
invasion of the lymphatic system. In view of the general belief of a 
lack of lymphatics in the bone marrow, Handley expressed the opinion 
that the carcinomatous cells invade the bones by way of the lymph 
vessels entering the bone at points of muscle insertions. However, 


since I have proved that there is a direct relation between the bone 


marrow and the lymphatic system, there is no need to mention hypo- 
thetical lymph vessels entering the bone at points of tendon insertions. 





r 
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Fig. 7—Scheme of the axillary and adjoining regional lymph nodes (after 
a figure from Poirier and Charpy in Anatomie humaine 2:4) : 1, supraclavicular 
lymph nodes; 2, subclavian artery; 3, innominate artery; 4, subclavian lymph 
nodes; 5, mammary lymphatic ending in the subclavian glands (inconstant) ; 
6, central group of the axillary lymph nodes; 7, superointernal portion of the 
thoracic chain; 8, pectoralis major muscle; 9, pectoralis minor muscle; 10, 
artery; 11, deltopectoral lymph nodes; 12, pectoralis major muscle; 13, humeral 
chain of the axillary lymph nodes; 14, thoracodorsalis artery and nerve; 15, 
inferno-external portion of the thoracic chain; 16, latissimus dorsi muscle. 


It is our belief that the direct relationship between the bone marrow 
and the lymphatic system, proved by our experiments, provides the 
missing link in the anatomic basis for the lymphogenous theory of the 
invasion of bone by carcinomatous cells. Carcinoma of the prostate 
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leads to an involvement of the regional lymph nodes of the prostate, the 
middle chain of the external iliac group, the hypogastric group, the 
lateral sacral group and the promontory group. The hypogastric lymph 
nodes are, as it has been pointed out above, the regional lymph nodes of 
the bones of the lower extremity, and invasion of these lymph nodes by 
carcinomatous cells can easily lead to a similar invasion of these bones 
by means of a retrograde lymph flow. A similar occurrence may take 
place from a carcinoma of the breast in relation to the bones of the 
upper extremity. Figures 7 and 8 illustrate the relationship of the 
main groups of regional lymph nodes about the bases of the upper and 
lower extremities. 


[n our explanation of the possible anatomic path of invasion of 
the skeleton by carcinomatous cells, I admit as a proved fact the pos- 
sibility, under certain conditions, of a retrograde centrifugal lymph flow. 
Since this question of the occurrence of a retrograde lymph flow is still 
a disputable one, I have carried on experiments to cover it. The prostate 
in dogs was exposed, and India ink was injected into them. Then, the 
efferent vessels of the regional lymph nodes of the prostate were ligated. 
Occasionally, in a few hours, but usually a day or two after the injec- 
tion, I found the lymphatic accompanying the sciatic nerve in the middle 
of the thigh injected with India ink. From a study of such lymph 
nodes, it is known that in carcinomatous involvement, the histologic 
changes in the lymph nodes frequently lead to occlusions of the efferent 
vessels similar to those produced in our experiments by ligation. In 
the early stages of lymph node involvement, carcinomatous cells are 
found lying in the st:bcapsular lymph sinuses at the point of entry of 
the efferent lymphatics, along which the malignant cells have been swept 
by the lymph stream. Later, these carcinomatous cells compress the 
pulp and lead to an atrophy of the lymphoid tissue and to an occlusion 
(obliteration) of the lymph node. At that stage, the carcinomatous 
cells invade the capsule and the peripheral lymph vessels. This oblitera: 
tion of the lymph sinuses of the lymph node, equivalent to the ligation 
of the efferent vessel in our experiments, causes the retrograde lymph 
flow. Such changes in lymph nodes are not produced by carcinomatous 
invasion only; a previous inflammatory involvement of a lymph node, 
or an impregnation of a lymph node with foreign material, such as is 
seen in bronchial lymph nodes, can lead to the same practical results, 
obliteration of the lymph spaces of the lymph node—a result that seems 
to nullify the importance of the respective lymph node as a guard against 
infection in further life. In such cases, aberrant lymph capillaries 
develop ; these are channels for communication between the efferent and 
afferent vessels of the obliterated lymph node. These points have been 
proved experimentally. India ink was injected in the prostate of a dog 
twice, with an interval of three days between injections. Four weeks 
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after the last injection of India ink, carmin was injected in about the 
same area. Two days after this injection the dog was killed. The 
regional lymph nodes of the prostate were coal black. No carmin 
could be detected in them, while the next proximal chain of lymph 
nodes, the common iliac lymph nodes, contained abundant particles of 
carmin. India ink, brought to the regional lymph nodes of the prostate 
in abundant quantities, led to an obliteration of these lymph nodes. The 
carmin could be forwarded later to the common iliac lymph nodes only 
by way of lymph capillaries, developed about the obliterated lymph node 
during the four weeks between the India ink injection and the carmin 
injection. Such an aberration of the lymph stream readily explains the 
so-called paradoxical metastasis occurring when cancer skips the regional 
lymph nodes and yields distant metastases. 

















Fig. 8—Scheme of the iliopelvic lymph nodes (Cunéo and Marcille): 
1, inferior glands of the right and left lateral aortic group; 2, common iliac 
group (external group); 3, middle band of external chain of external iliac 
glands; 4, retrocrural external glands; 5, gland of the middle chain of external 
iliac lymph nodes; 6, gland in fossa for the lumbosacral nerve; 7, group of 
the promontory; 8, lateral sacral group; 9, hypogastric group; 10, gland of the 
internal chain of external iliac glands; 11, retrocrural internal gland; 12, deep 
inguinal gland; 13 and 14, superficial inguinal lymph nodes. 


Another moot point was before us in the study of the way in which 
the carcinomatous cells are brought to the bones. A metastatic involve- 
ment of the bones on the opposite side from the seat of the primary 
tumor is frequently found. This could be explained in two ways: 
First, it is a case of general carcinomatosis, when the circulatory system 
is overflown with carcinomatous cells; and second, there is a tumor in 
a more or less early stage, but the carcinomatous cells are brought to the 
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opposite side of the body by way of lymph vessels crossing the midline. 
There has been a tendency among authorities on lymphatics to think 
that a group of regional lymph nodes drain only the corresponding 
regional area. Clinical facts have shown that the division in regional 
areas is merely conditional, and that there can be nd doubt that adjoining 
regional areas, under certain conditions, drain their lymph in the 
regional lymph nodes of the opposite side. Moreover, it has been 
noticed by clinicians that an involvement of a group of regional lymph 
nodes, the axillary lymph nodes of one side, accompanies a carcinoma 
of the breast of the opposite side. I carried on a series of experiments 
to investigate the conditions under which such a clinical puzzle can take 
place. 

By an incision (Fig. 9) made in dogs, all the tissues and fasciae 
covering the ribs and the intercostal muscles were divided. The wound 
was packed and not closed. At the time of operation carmin was 
injected in areas indicated on the drawing by the dotted line. The 
animal was killed two weeks after the operation. The axillary lymph 
nodes of the left side were inflamed (a reaction to the wound), but no 
carmin could be found in them. The axillary lymph nodes of the right 
side were slightly inflamed and contained an enormous amount of carmin 
particles. The inguinal lymph nodes of the left side as well as those 
on the right showed an extensive impregnation with carmin, the 
inguinal lymph nodes of the left side being markedly more impregnated 
than those of the right side. 

Figure 10 illustrates another typical experiment of this series. The 
incision passed through the whole abdominal wall and all the tissues 
covering the ribs. The wound was closed, and carmin was injected in 
the area marked by the dotted line. The animal was killed ten days after 
the operation. The right axillary lymph nodes contained a large amount 
of carmin particles. The right inguinal lymph nodes showed a definite 
impregnation with the stain, but to a less extent than the right axillary. 
The left inguinal and the left axillary showed an inflammatory reaction 
(from the wound) but no carmin could be detected in them. 

The results of these experiments show that when the normal flow of 
lymph to the regional lymph nodes of a certain area is radically inter- 
fered with (the lymph vessels are cut as in our experiments) or the 
regional lymph nodes are occluded because of a previous involvement, a 
reflux lymph stream drives the suspended material (carmin particles in 
our experiments, carcinomatous cells in metastases) into adjoining 
areas. Whether these elements are carried through entirely new-formed 
lymph capillaries or are forced through plexuses of fine lymph capillaries 
is another question which cannot be answered at present. This ques- 
tion is practically unimportant as far as our study of the production of 
carcinomatous skeletal metastases is concerned. 
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The occurrence of an aberrant and a retrograde lymph stream under 
the conditions shown in our experiments seems to explain the con- 
spicious relation existing between carcinoma of the thyroid and breast 
and metastases to the bones of the cranium and the upper extremities, 
and between carcinoma of the prostate and uterus and the bones of the 
pelvis and lower extremities. It is known that osteoplastic carcinoma 
accompanying cancer of the prostate affects most commonly the pelvis 
and the femur (38.6 per cent. of all cases of skeletal invasion), while 
that associated with carcinoma of the thyroid and breast usually attacks 
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Fig. 9 Fig. 10 


Fig. 9—Operation procedure: the incision A-B divided all the tissues covering 
the ribs and the intercostal muscles ; the wound was packed, and carmin injected 
in the area marked by the dotted lines. Two weeks after the operation, the 
axillary and inguinal lymph nodes contained carmin in the proportion marked 
on the drawing. 


Fig. 10.—Operative procedure: the incision A-B passed through the whole 
abdominal wall and all tissues covering the ribs and intercostal muscles; 
carmin was injected in the area marked by the dotted lines. Ten days after 
the operation, the regional lymph nodes (axillary and inguinal) contained 
carmin in the proportion shown on the drawing. 
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the cranium, the sternum, the vertebrae and the bones of the upper 
extremities (74 per cent. and 68 per cent. of all cases of metastatic 
invasion of the skeleton). This relationship is understood when the 
anatomic relation existing between groups of regional lymph nodes 
(Figs. 7 and 8) is considered. 

The not infrequent occurrence of skeletal metastases in the bones 
of the pelvis and lower extremities in carcinoma of the breast and 
thyroid, and in the bones of the cranium and upper extremities in car- 
cinoma of the uterus and prostate can be readily explained anatomically 
as a result of the combination of an aberration of the lymph stream and 
a reflux lymph stream. 

Such, we believe, is the important role of the direct relation of 
the bone marrow to the lymphatic system as an anatomic basis for the 
lymphogenous theory of skeletal carcinosis. It is hardly necessary to 
mention that we do not doubt that in protracted cases of carcinoma, in 
general carcinomatosis, both circulatory systems, the lymph and blood 
systems, can be and are freely used as means of transportation by the 
malignant cells swamping the body.. The deviations from the normal 
in the direction and ways of the lymph circulation pointed out above 
and their role in further endlessly complicating the ways of spread 
of carcinomatous cells remind us of the words frequently spoken by the 
master surgeon Thiersch in his clinics: “As long as we believe that we 
can overcome carcinoma with the knife, we shall be defeated.” ** 

CONCLUSIONS 

The bone marrow is directly related to the lymphatic system. It 
drains its lymph into certain groups of lymph nodes, the regional lymph 
nodes of the respective bone. 

The regional lymph nodes of the bones of the upper extremity are 
the cervical lymph nodes in dogs, corresponding to the supraclavicular 
lymph nodes in man. 

The regional lymph nodes of the bones of the lower extremity are 
the iliac lymph nodes in dogs, corresponding to the external chain of 
the external iliac group and the hypogastric lymph nodes in man. 

The direct relationship existing between the bone marrow and the 
lymphatic system forms the anatomic basis for the lymphogenous theory 
of metastatizing of carcinomatous tumors to the bones. 

Deviations from the normal in the flow of lymph, namely, the aberra- 
tion of the lymph stream, the retrograde lymph stream and the reflux 
lymph flow, can lead to the metastatic spreading through the skeleton 
of carcinomatous cells transported in the lymph circulation from the 
primary tumer. 


17. “So lange wir glauben das karzinom mit dem Messer bekampfen zu 
k6nnen werden wir unterliegen.” 
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LOCAL ATROPHY AS AN ANOMALY OF BONE 
METABOLISM 


JULIUS FERBER, M.D. 
Attending Physician, University and Bellevue Hospital Medical 
College Metabolism Clinic 
NEW YORK 


On account of our inability to exclude the indirect effect of sensory 
and circulatory influences, the results of many experiments undertaken 
to prove the existence of special trophic nerve centers can always be 
questioned. This also is true of our clinical and neurologic observations 
which would seem to compel the inference that trophic centers direct the 
metabolism of muscles and bones. 

Bone atrophy is found in many pathologic conditions affecting bone, 
muscle, skin and the nervous system. The bone changes found in 
syringomyelia and tabes are well established facts in medical literature. 
The many peripheral nerve injuries sustained during the late war offer 
a substantial contribution in evidence of the close connection between 
nerve injury and bone atrophy. The pathologic condition with which 
bone atrophy is associated may be due to inflammation of the joints, 
bones or muscles, or it may be caused by injury, such as fracture. 
Such an injury may be sterile or may be the seat of suppuration. 
Acute and chronic rheumatoid arthritis, gonorrheal arthritis, arthritis 
deformans, tuberculous and syphilitic involvements of the bones or 
joints are associated with bone atrophy ; in fact, all conditions interfering 
with the free exercise of joints may result in bone atrophy. 

Of special interest are the bone changes found in cases of the 
so-called vasomotor and trophic neurosis. In Raynaud’s disease, one 
finds, in the roentgenogram, bone atrophy and rarification of bone struc- 
ture, narrowing of the cortex and even actual bone erosion ; bone changes 
also are found in cases of scleroderma of the fingers and toes. Cases 
of erythromelalgia with bone atrophy have been described, although 
some cases of this disease show rather hypertrophic bone changes. 
Deycke Pascha has described cases of lepra nervorum with marked 
atrophy, rarification and complete disappearance of the trabeculae. He 
ascribed this to a trophoneurosis. 

Ohlman classifies bone atrophy as it appears in the roentgenogram 
into acute, subacute and chronic. In the acute form, the bone involved 
appears somewhat blurred, cloudy and granular. On close inspection, 
one notices the characteristic punched out defect. These defects are 
due to lime absorption and the enlargement of the medullary spaces. 
The defective areas are first seen in the spongy portion of the bone, 
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both head and base, gradually extending into the shaft and cortex. As 
the subacute and chronic stages develop, the trabeculae become more 
distinct and delicate, and the bone structure becomes more transparent. 
The cortex becomes clear-cut and thinned out, and, in extreme cases, 
the bone assumes a glassy transparency with the complete disappearance 
of the trabeculae. The roentgenographic picture described is most 
clearly seen when the foregoing condition occurs in the small bones of 
the hand and foot. The same pathologic processes take place in any 
of the skeletal bones thus affected. 

The acute atrophy following inflammatory conditions and injuries 
may occur shortly after the primary affection. Hitschman and Wachtel 
have described bone atrophy as revealed in the roentgenogram, occurring 
from fourteen to twenty-five days after frost bites. Sudeck found 
evidence of bone atrophy four and a half weeks after the primary injury. 
Lenk, on cutting the Achilles tendon in a rabbit, found the earliest 
signs of acute atrophy in the calcaneum to appear in the second half of 
the fourth week following. 

LOCATION 


The spongy bones of the extremities are usually the seat of predilec- 
tion for bone atrophy, that is, the carpal and tarsal bones and the heads 
and bases of the metacarpal, metatarsal and the phalanges. According 
to Sudeck, the seat of atrophy is more frequently found in the bones 
of the hand than in those of the foot. Hilgenreiner attributes this to 
the more massive construction of the latter as well as to the greater 
activity of the carpal and metacarpal joints. The four cases illustrated 
and described later on are instances of affections of the lower extremities. 

Herfarth finds that, in his cases, the foot is more often involved 
than the hand. He attributes his findings, however, to the fact that 
most of the hand injuries are in ambulatory cases, and roentgenograms 
are taken only if a bone condition is suspected. On the other hand, 
patients with surgical conditions of the foot are more often admitted to 
the hospital, where roentgenograms are taken as a matter of routine in 
all cases; thus there is greater opportunity for observing bone atrophy 
in foot conditions. 

While this may be true of acute cases associated with some definite 
lesion, bone atrophy as an independent pathologic condition is probably 
more often to be found in the lower extremities. This is due to the 
fact that venous congestion and circulatory disturbances are more easily 
breught about in the lower than in the upper extremities. 

On pathologic examination, one finds that the atrophic bone is easily 
cut and that it is soft and pliable, so that it can be compressed between 
the fingers. Exner has found a loss of weight in atrophied bone amount- 
ing to from 30 to 67 per cent. The lamellae in the early stages may 
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Fig. 1—Trabeculae very distinct and medullary 
erosion at head of proximal phalanx of big toe, left. 
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not diminish in number, but are softer and shorter and more delicate. 
Only later does actual disappearance of the lamallae occur. According 
to Brooks, the bones lose in weight, although there is no change in the 
dimensions. He ascribes the loss of weight to a loss of inorganic salt, 
which causes a thinning of the lamellae and cortex and renders the 
bone more brittle. The medullary spaces are distinctly enlarged. 


CAUSES 


A number of theories have been advanced to explain bone atrophy. 
Cases associated with injuries and inflammation of joints have been 
attributed by many to the immobilization and suspended activity of the 
parts affected—the atrophy of disuse. In this connection, it was shown 
by Brandes that the cutting of the Achilles tendon, in a rabbit, resulted 
in atrophy of the caleaneum. Injury to the nerve, in this operation, 
cannot be excluded. Lenk has observed, in cases of injury and immobil- 
ization, that atrophy begins regularly at the second half of the fourth 
week in bones far removed from the point of injury. He has failed to 
find any atrophy if active motion was undertaken soon after the injury. 

Sudeck, in his work on acute bone atrophy associated with inflamma- 
tory conditions, declines to accept inactivity as the causative factor. He 
attributes the bone changes to nutritional disturbances caused by toxic 
irritants arising at the point of inflammation. Atrophy is not infre- 
quently found in bones far away from the point of inflammation, so that 
Sudeck was forced to modify his original theory. In his modified 
theory, he compares atrophy of bone with that of muscle and attributes 
both to a reflex trophoneurotic disturbance. Ohlman agrees with 
Sudeck in excluding inactivity as the cause of atrophy, but attributes 
it to a pathologic reaction of the trophic centers in the cord. The toxins 
arising at the point of inflammation act on these centers and change their 
reaction to the nutritional stimuli received from the periphery, .so that, 
instead of a normal trophic reaction, an abnormal reaction takes place. 
According to Brooks, the atrophy found in cases of injury to bones and 
in diseases of joints and nerves is due to lack of motion no matter what 
the cause of the disability may be. Grey and Carr have shown that 
cutting of the sensory nerves does not lead to atrophy while cutting 
of the motor nerves leads to atrophy as a result of the ensuing paralysis 
and the falling out of the stimuli of tension and friction. 

Hofmeister and Tanake have shown that carbon dioxid is a solvent 
of lime salts, and that the lymph is rather rich in carbon dioxid. They 
estimate the contact surface between the bones and lymph in the human 
body as equal*to about 1 sq. meter. On the basis of this work, Beck 
has advanced the theory that, in inflammatory conditions, the 
physicochemical processes of edema and stasis are the important causa- 
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Fig. 2—Punched out deformities 


at head and base of phalanges. 
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tive factors of bone atrophy. As a result of the inflammation, there 
occurs a venous congestion and stasis in the lymphatics. With the 
increased stagnation of the blood and lymph, the carbon dioxid concen- 
tration rises until it becomes high enough to dissolve the lime salts 
deposited in the lamellae. In cases of nerve injury, Beck attributes 
the bone atrophy to the falling out of the stimuli necessary for the 
normal blood supply—vasomotor disturbance. 


Herfarth has stripped the Achilles tendon of its loose areolar 
tissue, which contains the nerve fibers supplying the blood vessels of 
the os calcis. He found that, after one week, the bone appeared 
blurred and cloudy and that, after two weeks, the difference between 
the bones on the two sides was marked. He concludes that bone 
atrophy is caused by vasomotor disturbances bringing about a quanti- 
tative change in the blood supply of the bones. He cites Triepel in 
order to explain how changes in the blood supply would bring about 
atrophy. According to Triepel, the osteoblasts and the osteoclasts main- 
tain the balance between anabolism and catabolism. The osteoclasts 
wander from place to place as they are called on to render service. 
If for some reason or other the osteoclasts remain in one place, excessive 
bone absorption takes place with the formation of large medullary 
spaces. 

Against the theory of inactivity as the only cause of bone atrophy can 
be urged the fact that cases of hysteria with complete sensory and 
motor paralysis do not show any bone atrophy. Against it is also the 
fact that we find bone atrophy in conditions in which there is free 
motion in the joints. 


As the pathologic examination as well as the roentgenograms taken 
during the life of the patient show the same changes in the bone regard- 
less of the clinical condition, the mechanism by which these changes are 
brought about must be alike in all cases. Bone changes are undoubtedly 
brought about by changes in the blood supply. Herfarth tied the nutrient 
artery of the os calcis but did not get any atrophy in the bone, owing 
to the establishment of a collateral circulation. He does not present any 
clinical evidence of arterial occlusion as the cause of atrophy. Figure 1 
is a very definite illustration of this actually occurring (Case 1). 


REPORT OF CASE 


Case 1—A man, aged 59, subject to attacks of angina pectoris and suffering 
from diabetes mellitus for the last eight years, when first seen, complained of 
loss of weight, the sensation of cold in both feet, tingling, numbness and severe 
pain of the big toe on the right side. On physical examination, the toes of 
the right foot felt cold to the touch and were dark red; this redness changed 
into a bluish discoloration on keeping the foot in the pendant position. There was 
ulceration of the cuticle of the big toe. The left foot felt somewhat cold to 
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the touch and became slightly cyanosed on keeping the foot down. No pulsation 
was discernible in the tibialis posticus or dorsalis pedes in either foot. In the 
roentgenogram there is a very definite line of demarcation sharply defining the 
soft parts as they are affected by the blockage of the circulation. 


RELATION TO CONDITION OF NERVES 


Although there is no definite proof of the existence of a special 
trophic center, there is no doubt about the close relationship between 
nerve pathology and bone atrophy. This is due to the fact that the 
circulation of bones is under a very delicate control of the nervous sys- 

















Fig. 3—The bases of the fourth and fifth metatarsi, left, appear blurred and 
granular. 


tem. Normally, the nerve stimuli resulting from the tension of the 
periosteum and from the friction of the ends of the bones bring about 
an adequate blood supply necessary for the balanced metabolism of 
the bones. In cases of inactivity, the falling out of these stimuli bring 
about a changed blood supply with changes in the bone structure. 
Immobilization with a plaster-of-Paris bandage is enough to bring about 
this result. In case of nerve injury, central or peripheral, abnormal 
stimuli affect the blood supply of the bones with the same results. 
Inflammatory conditions cause bone atrophy by virtue of the congestion 
and stasis, thus interfering with the blood supply. Added to this is the 
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irritation on the nerves caused by the toxins and decomposition products 
produced as a result of inflammation. The actual stasis produced by the 
inflammatory process is easily judged by the cyanosis of the skin. The 
more marked the cyanosis and swelling, the surer will occur changes in 
the bones in the immediate neighborhood. This is the reason why frost 
bites, in which there are always marked congestion and stasis, are 
accompanied so often by bone atrophy. In the light of this view, it 
becomes easy to explain the atrophy so often found with cases of 
angioneurosis, such as Raynaud’s disease or erythromelalgia. 

Cases of bone atrophy described in the medical literature are usually 
such as accompany some other lesions. We have therefore come to 
look on bone atrophy as a pathologic condition of bone complicating other 
diseases. There are, however, cases in which the bone atrophy seems to 
be the outstanding condition responsible for the symptoms complained 
of by the patient. These cases, independent of any localized lesion or 
trauma, can be classed as metabolic disturbance of bone. 

Figure 2 is an illustration of such a case. 


Case 2.—A man, aged 28, single, born in Poland, a fur operator by trade, 
with a family history of no importance, had no knowledge of having had any 
of the diseases of childhood or of ever being sick except that, five years before 
admission, he contracted an acute anterior urethritis. Dr. A. Stone, who had 
treated the patient for his genito-urinary condition, informed me that, at present, 
there was no evidence of any residual inflammation in the genito-urinary tract. 
The present complaint dated back one year when the patient became aware of the 
fact that his feet were usually cold and that the toes would become somewhat 
bluish when exposed to cold. His feet became painful while at work, and he 
would often experience a sensation of tingling and numbness in the toes. The 
appetite was poor; the bowels were regular; he slept poorly. His habits were 
good. He was a very moderate cigaret smoker. 

Physical examination showed a well developed man, with a height of 5 feet 
¥% inches (154.2 cm.), weight 156 pounds (70.8 kg.), and of a decidedly nervous 
temperament. The blood pressure was 122 systolic, 75 diastolic; the urine was 
negative. The chest and abdomen were negative; the reflexes were exaggerated, 
and the pupils were dilated. The feet appeared somewhat pale and felt cold 
to the touch; there was no discoloration visible. The feet were tender to deep 
pressure, but the pulse in the tibialis posticus and the dorsalis pedes was 
plainly palpable. 

Roentgen-ray examination showed a punched out deformity at the head and 
the base of the phalanges, distortion of the terminal phalanges, and enlargement 
of the medullary spaces clearly visible in the big toes. This is the picture of 
a beginning bone atrophy, the so-called acute atrophy. 


Case 3.—A man, aged 29, single, born in Roumania, and a salesman by trade, 
with a family history of no importance, had measles as a child but does not 
know whether he had any other diseases of childhood. His habits were good. 
In 1916, he contracted a gonorrheal infection which lasted for three weeks. 
Since 18, he had complained of varicose veins, and this condition had gotten worse 
during his service abroad. After his discharge from the army, he was operated 
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on for the varicose veins. For a number of years, the patient had been com- 
plaining, during the winter, of cold feet and a sensation of tingling and numbness. 
Lately, he had complained of stiffness and a grating in the left knee, which 
became worse as the day wore on. 

Physical examination revealed scars of the previous operation and varicose 
veins in both legs, but more marked in the left. There was no discoloration of 
the skin; the right foot felt somewhat cooler than the left, but the pulsation 
in the tibialis posticus and dorsalis pedes were plainly discernible. 

Roentgen-ray examination showed rarification and thinness of the trabeculae, 
involving more or less all the bones of the foot and ankle, but most marked 
on the left side (Fig. 3). The cortex was thin; the medullary spaces were 























Fig. 4.—Narrow cortex; disappearance of trabeculae; glassy transparency. 
enlarged, and the bones were more easily penetrated by the rays. The base of 
the fourth and fifth metatarsals, on the left side, appeared blurred and granular. 
The inner condyle of the femur and the inner tuberosity of the tibia, on the left 
side showed rarification and atrophy. This represents the transitory period when 
the acute passes into the chronic atrophy, the so-called subacute stage. 


Case 4.—A married woman, aged 56, born in Poland, and doing housework, 
gave a family and previous history of no importance. For the last five months, 
she had complained of pain and swelling of the ankles which was better in the 
morning, after a night’s rest, and became worse toward evening. 

The blood pressure was 135 systolic, 75 diastolic. The urine was negative. 
There was a soft systolic murmur at the apex; otherwise, the heart was negative. 
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There was swelling of the ankles and edema over the anterior surface of the 
tibia on both sides. Deep pressure over the ankle, as well as over the arch of 
the foot, elicited pain. There was normal pulsation in the arteries. 
Roentgen-ray examination showed a marked atrophy of all the bones of 
both feet. This picture represents the chronic type of atrophic changes (Fig. 4). 


COM MENT 


These three cases (Cases 2, 3 and 4) did not show any definite lesion 
preceding the bone atrophy which seemed to be the cause of the symp- 
toms complained of by the patient. There was no evidence of any 
articular or periarticular inflammation, and the bone changes were due, 
primarily, to a disturbance of bone metabolism. The immediate cause 
of this anomaly is a disturbance of the very fine adjustment of bone 
nutrition. A constant and free blood stream, both in the arteries and 
the veins, is a prerequisite to a steady supply of substances necessary 
for bone anabolism, to the removal of waste products, to the maintenance 
of the proper hydrogen ion concentration of the circulating medium, 
and to the keeping up of that tension which regulates the migration of 
osteoclasts. This delicate mechanism is under the regulatory control of 
the nervous system. Disturbances of the harmonious cooperation can 
be brought about by the direct medium of pathologic irritation, or by 
the falling out of the normal stimuli which regulate bone metabolism. 
The end-result is always a disturbed blood supply to the bones. Direct 
blockage of the circulation, if gradual in its onset, also leads to bone 
atrophy. 


244 East Fifteenth Street. 
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ACCESSORY LOBES OF THE LIVER 


AN ACCESSORY HEPATIC LOBE SPRINGING FROM THE SURFACE 
OF THE GALLBLADDER * 


THOMAS S. CULLEN, M.D. 


BALTIMORE 


When operating on a patient for disease in the right upper abdominal 
quadrant, Feb. 26, 1924, I was surprised to find a small, discrete, flat 
piece of liver tissue lying on the surface of the gallbladder. This little 
body had sharp margins and, though in miniature, was veritable liver. It 
was attached to the gallbladder by a small mesentery, and was about 3 cm. 
distant from the liver proper. I gently lifted it up, tied off its mesentery 
with a fine catgut ligature, and removed this accessory liver intact. 

Recently, I have spent many hours in the Surgeon-General’s Library, 
reviewing the literature bearing on abnormalities of the liver, and in 
this article I shall endeavor to give a short account of the more important 
observations. 5 

Abnormalities of the gallbladder might also be discussed with profit. 
For example, Rambault and Schachmann,' in 1882, recorded a case ot 
congenital absence of the gallbladder, and Purser,’ iri 1887, gave a 
beautiful example of two gallbladders with two distinct cystic ducts 
entering the common duct at different points. The consideration of 
gallbladder abnormalities in this paper, however, would carry us too 
far afield. 

Here and there I have had some difficulty in ascertaining the exact 
dimensions because the units of measurement varied considerably in the 
different countries in the early part of the nineteenth century. 


Meckel,* in 1822, recorded several cases of accessory lobes of the 
liver; Gruber * had long been interested in the subject, as we find 


*From the gynecologic department of the Johns Hopkins Hospital and 
the Johns Hopkins University Medical Department. Read before the Southern 
Surgical Association, Charleston, S. C., December, 1924. 


1. Rambault and Schachmann: Absence congénitale de la vésicule biliaire, 
Bull. Soc. anat. de Paris 57:499, 1882. 

2. Purser, J. M.: Case of Liver with Two Gallbladders, Tr. Acad. Med. 
Ireland 5:243, 1887. 


3. Meckel, I. F.: Tabulae anatomico-pathologicae, Lipsiae, 1822, Fasc. 
Tertius, p. 14, Tabula XXIV. 


4. Gruber, Wenzel: Eigenthiimliche Nebenlebern, Neue Anomalien als 


Beitrage zur physiol., chirurgischen und pathologischen Anatomie, Berlin, 
1849, p. 24. 
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articles published by him in 1849, 1878, 1879 and 1880; Wagner * made 
important observations in 1861, and Jacquemet,® in his thesis published 
in Lyons in 1896, considered the whole field very fully and covered 
the literature on malformations of the gallbladder. Forni’s’ article 
on accessory lobes of the liver, which appeared from the University of 
Bologna in 1915, also is valuable. He tabulated most of the cases 
observed up to that time. 

Thomson,’ of Oxford, made embryologic studies of the liver in 1899, 
and in 1909 Bradley,® of the Royal Veterinary College of Edinburgh, 
published a most valuable paper on the morphology and development of 
the mammalian liver. 

I have drawn very freely on the articles of Jacquemet, Forni and 
Bradley. 


ANATOMY OF THE LIVER 


The anatomy of the liver is so succinctly given by Dorland *° that I 
will quote : 


It measures from 10 to 12 inches (25.4 to 30.4 cm.) transversely, and from 
6 to 7 (15.2 to 17.7 cm.) anteroposteriorly; it is 3 inches (7.6 cm.) thick in its 
thickest part, and it weighs from 3 to 4 pounds (1.4 to 18 kg.). It is in the 
upper part of the abdominal cavity, occupying the right hypochondriac, the 
epigastric, and part of the left hypochondriac region. The liver has five 
fissures, five lobes, five ligaments, and five sets of vessels; it is enclosed in a 
fibrous coat, and is covered with peritoneum, except at the attachment of the 
coronary ligament. The lobes are: right lobe, left lobe, lobus quadratus, lobus 
spigelii, lobus caudatus. The fissures are: the longitudinal fissure, the fissure 
for the ductus venosug, the transverse fissure, the fissure for the gallbladder, 
the fissure for the vena cava. The ligaments are: the longitudinal ligament, 
the two lateral ligaments, the coronary ligament, the round ligament. The five 
sets of vessels are the hepatic artery, portal vein, hepatic veins, hepatic ducts, 
lymphatics. 

EMBRYOLOGY OF THE LIVER 


Bradley’s article ® is so clear and so important to a thorough under- 
standing of the subject that I shall not hesitate to quote him at length. 
Too few of us surgeons are familiar with the fundamental and important 
contributions made by the anatomists. 


Bradley says: 


5. Wagner, E.: Zwei Falle von Neubildung von Lebersubstanz im Liga- 
mentum suspensorium hepatis, Arch. d. Heilkunde 2:471, 1861. 

6. Jacquemet, Marcel: Considérations sur les anomalies du foie et des 
voies biliaires, Thése de Lyon, 1896. 

7. Forni, Gherardo: Contributo allo studio del cosidetto fegato accessorio, 
Bull. d. sc. med., Bologna 3:106, 1915. 

8. Thomson,’ Arthur: The Morphological Significance of Certain Fissures 
in the Human Liver, J. Anat. & Physiol. 38:546, 1898-1899. 

9. Bradley, O. C.: A Contribution to the Morphology and Development of 
the Mammalian Liver, J. Anat. & Physiol. 48:1, 1908-1909. 

10. Dorland: American Illustrated Medical Directory of 1923, p. 620. 
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As is the case with all the organs of the body, the liver of man received 
much earlier and more detailed attention at the hands of the morphologist than 
did the corresponding organ of mammals in general. Thus, the earliest accounts 
of the comparative anatomy of the liver were based upon its form and char- 
acters in the human subject. But it has come to be recognized that the human 
liver, in common with the majority of human organs, has undergone a high 
degree of specialization during the process of evolution, with the result that 
it cannot be regarded as a type suitable for descriptive purposes, but must, 
rather, be itself compared with more primitive and generalized forms. 

It is now generally agreed that the so-called lobes of the human liver are 
arbitrary divisions of the organ made for convenience of description, and 
are not, correctly speaking, of comparative morphological value. In human 
anatomy a striking misuse of the term “lobe” occurs in the expression “quadrate 
lobe.” The “quadrate lobe” is merely a quadrilateral area on the visceral 
surface of the liver, bounded on the left by the longitudinal fissure and on the 
right by the depression of the gallbladder. It is not defined by true fissures, 
for the so-called longitudinal or umbilical fissure, as will be shown later, is 
not the same in character, or in origin, as the real fissures of the liver of mam- 
mals in general. Moreover, though too much importance must not be attached 
to the relative size of any given area, it may, nevertheless, be pointed out that 
the “quadrate lobe” is not of constant dimensions even in the human subject; 
and its homologue in the mammalia as a whole is of remarkable variability. 
Rolleston has shown that in man it may be absolutely large, and as much as 
twice the size of the remainder of the under surface of the liver; whereas, on 
the other hand, it may be quite rudimentary even where no pathological lesion 
exists. 

The right and left lobes of the human liver, as described, correspond to 
four lobes of the comparative anatomists. It has been shown beyond question 
that the differentiating fissures have disappeared, a series of livers from animals 
standing close to man in the zoological scale demonstrating the processes of 
disappearance. Occasionally, man reverts to a more primitive condition, and 
some or all of the fissures reappear. Among examples of such reversion is 
one recorded by Parsons where a human liver had two lobes to the right and 
two to the left. 

The only parts of the liver of man which can be said to have retained their 
independence in any degree are the Spigelian and the caudate lobes. Even 
these are no longer decided, though occasionally they may be well marked and 
distinct, as shown by Thomson. As bearing upon phylogeny, as well as on 
ontogeny, it is of interest to note that they are of proportionately greater size 
in the fetus than in the adult. 

Beyond question the ordinary ruminants have a compact liver; but even in 
closely allied species, with stomachs of relatively equal size, there is a certain 
measure of difference in the presence or absence, and in the relative depth, of 
fissures and in the size of lobes. The domestic ruminants, to seek no further, 
while possessing the same gastric peculiarity, have livers readily distin- 
guishable. The aberrant ruminants, the camels, have a stomach no less 
complex than that of the ordinary members of the same order, and yet there 
are two very well developed fissures dividing the liver into three lobes 
(Lesbre). 

In the horse the stomach is small, but its place is taken physiologically by 
the enormous large intestine. The hollow abdominal organs of the horse are 
hardly less ponderous than those of ruminants; still the liver has not become 
compacted but has all the fissures associated with a typical mammalian organ. 














CULLEN—ACCESSORY LOBES OF THE LIVER 721 


Whatever influence the character of the alimentary canal may have on the 
liver of mammals in general, man and the anthropoid apes form an obstacle in 
the way of any one wishful to enunciate a universal law. From man down 
through the anthropoids to the lower monkey, all grades of lobulation may be 
demonstrated. It is obvious, then, that some factor other than the conformation 
and disposition of the stomach and intestines must play a part in the obliteration 
of fissures. 

It is safest to conclude that no single hypothesis as yet propounded is in 
harmony with all the known facts relative to the shape of the mammalian 
liver and the presence and depth of its fissures. No doubt the form and volume 
of the abdominal viscera, the habitual attitude of the animal, the relative 
dimensions and degree of mobility of the trunk, all play a part in producing a 
correlated molding of the liver; but, so far as our present knowledge goes, it 
may be reasonably assumed that no single factor is sufficient to account for 
all the varied modifications met with in the examination of a series of organs 
derived from different mammalian orders. 

Bradley then considers the work of Duvernoy, published in 1835. 
When speaking of Rolleston’s article, which appeared in 1861, he says: 

He was probably the first to make use of the falciform ligament as an 
important landmark in defining territories in animals other than man. 

In discussing the work of Owens, which appeared in 1868, and of 
Rex, which was published in 1888, Bradley says: 

Rex struck out an entirely new line of research when he considered the 
arrangement of the branches of the portal vein, hepatic veins, and bile ducts 
in relation to the lobes. 


And further: 


Thanks to the investigations initiated by His on the human embryo, and 
Hockstetter on embryos of the rabbit, a considerable volume of literature on 
the early development of the liver has accumulated during the past ten or 
twelve years. As is now well known, the hepatic bud early (during the second 
week in the human embryo) develops from the epithelium of the gut and 
surrounds and invades one or both of the omphalomesenteric veins. The 
invasion of the veins by the hepatic tissue results in the production of the 
sinusoids of Minot and the formation of a complex stream bed in place of the 
originally simple one. The omphalomesenteric veins, consequently, no longer 
communicate directly with the venous sinus of the embryonic heart, and so, 
were no other and more expeditious route provided for the passage of the 
blood, circulation would be impeded. But, as the production of the sinusoids 
from the omphalomesenteric veins is proceeding, the umbilical veins are 
becoming larger and of greater importance as affording a ready means by 
which the blood may reach the heart. Thus the omphalomesenteric veins are 
relieved of part of their duty. 

In the rabbit, both the umbilical veins are associated with the liver, and 
for some time the right is much larger than the left, as is also the right omphalo- 
mesenteric vein. In this way, according to Lewis, there is produced a pre- 
ponderance of venous channels on the right side and a consequently more 
rapid development of the right part of the liver. It will be seen later that the 
same one-sided -growth, arising from a like cause, is noticeable at a certain 
period in the development of the liver of the pig. 

Sooner or later, in all animals, the right umbilical vein begins to disappear 
on the usurpation of its function by the left vein. In the human embryo, in the 
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rabbit, and in the cat, the right vein early loses its association with the liver, 
and it is evident that in some mammals it does not participate in the hepatic 
circulation at any time. 

Up to 1906 no attempt had been made to connect the results of Rex’s 
observation on the adult blood vessels with the vascular conditions in the 
embryo. In July of that year, however, Mall published a paper which bridges 
the gap so far as the human liver is concerned. In human embryos 5 and 
6.5 mm. long, he shows that all the blood from the left umbilical vein passes 
through the liver, the direct connection of the vein with the heart having been 
lost. The right umbilical vein is also obliterated, and, therefore, the whole 
of the umbilical blood finds its way to the heart by way of the intrahepatic 
channels. To facilitate the passage of a large volume of blood through the 
liver, the right omphalomesenteric vein has either remained pervious or has 
been reopened, thus allowing a free circulation on the right side. On the 
left, two new veins have been formed, or have arisen directly from the remains 
of the left omphalomesenteric vein. At any rate, they are two of the permanent 
main vessels of the liver, namely, the vena hepatica sinistra, and the ramus 
angularis, the latter arising from the recessus umbilicalis. 

During the fifth week of embryonic life the right omphalomesenteric vein 
is partly converted into sinusoids and the ductus venosus is formed. The 
ramus dexter of the hepatic vein and the ramus arcuatus et descendens of the 
portal vein then take the place of the former single and continuous venous 
channel. It seems that the time of disappearance of the right omphalo- 
mesenteric vein is not constant; for it is present, along with a ductus venosus, 
in an embryo 11 mm. long. In the same embryo (at the end of the fifth week) 
the right and left portal twigs have begun to divide, and from the recessus 
umbilicalis a new group of veins have formed and radiate into the middle and 
left lobes of the liver. Mall goes on to say that in consequence of the 
branching of the veins of the liver, six primary lobes are produced. With the 
completion of six lobes we recognize fully the adult form of the liver. Each 
lobule now represents one of the six lobes of the mammalian liver: each of the 
primary lobes is to expand into a whole lobe. 

That in the human embryo at a certain period of its existence there are six 
lobules, is certainly evident from Mall’s descriptions and exceedingly con- 
vincing illustrations; but that these lobules ultimately develop into six lobes, 
equivalent to the six lobes of the typical mammalian liver, does not seem to 
be entirely beyond question. 

On page 11 of his paper, Bradley takes up the development of the 
lobes of the liver of the pig; on page 20, the development of the blood 
vessels of the liver of the pig, and on page 36, the development of 
the lobes and veins in other embryos such as the mole, the hedgehog 
and the cat. 


In his summing up, on page 39, he says: 


The chief points of moment in the foregoing account may be summarized as 
follows: 

1. The division of the liver as made by the human anatomists is con- 
venient, but should not be held as resting upon an embryological or true 
morphological basis. The “umbilical fissure” in man, and mammals in general 
is not a true fissure. Its appearance is late, and it may become obliterated in 
the adult. Its occurrence depends upon the presence of the left umbilical vein. 
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If the right umbilical vein were to persist as well, two “fissures” would be 
produced, and the error of considering one of them as the dividing line of the 
liver would be manifest. 

There is much to be said for Cantlie’s contention that a line drawn from the 
gallbladder to the exit of the hepatic veins divides the liver into right and left 
halves. 


2. The mammalian liver consists essentially of three lobes—a central and 
two lateral. The usual division of the central lobe into two is correlated with 
the presence of an “umbilical fissure” and, therefore, is not fundamental. The 
caudate and spigelian “lobes” are mere appendages or processes of the right 
lateral lobe. In order to indicate their true morphology it would be better to 
name them caudate and omental or papillary processes. 

In view of developmental evidence, it appears reasonable to ask that the 
following modifications should be made in Flower’s nomenclature. 


(Bradley) Flower 


- Right lobule Right central lobe 
RS a, eer | Left lobule folk custedt tube 
é { Main part Right lateral lobe 
Right lateral lobe.............. Processus caudatus Caudate lobe 
| Procesens omentalis or papillaris Spigelian lobe 
Lett Weber: Ds oie is 0 0 09:0 sin Ween a eee ROE ee ae Ate aS eaee Left lateral lobe 


3. Not only do the three fundamental lobes make their appearance inde- 
pendently, they also develop in connection with different embryonic veins. The 
central lobe is produced about the umbilical veins. The right and left lateral 
lobes grow along the course of the right and left omphalomesenteric veins. 

The right and left hepatic veins are primarily connected with the right and 
left lateral lobes, respectively. The hepatic veins of the central lobe are of 
later development. , 

4. Whatever may be the cause or causes of the presence of fissures in the 
mammalian liver, it cannot be admitted that, as, yet, a satisfactory connection 
has been proved between facts and factors. The question is complicated by 
the possibility that the fissures may be preceded by mesodermic septa which 
separate the lobes at an early period. The presence of such septa in the liver 
of the pig and hedgehog embryos points to a new field of inquiry. 


When he has read Bradley’s clear cut paper, the reader will thor- 


oughly understand why I have quoted him so extensively. 


CLASSIFICATION OF ANOMALIES 


After going over the literature, I spent much time in trying to deter- 
mine just how to group the anomalies of this organ, and have come to 
the conclusion that Jacquemet’s * general grouping probably is the best. 


Classification of Anomalies of Liver (Jacquemet) 








Group A (a) Modification by diminution 
In place (b) Modification by increase 
(c) Modification due to variation in 
the constituent parts 
The liver metiins's in its form and in its 
dimensions (a) Modification by diminution 
ut of place 6b) Modification by increase 
(c) Modification due to variations in 
the constituent parts 
Group B . 
The liver neither modified in its form | Misplaced t Variations that accompany this 
nor in its dimensions j anomaly 
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A. LIVER MODIFIED IN FORM AND IN. DIMENSIONS 
BUT RETAINING ITS PLACE IN ABDOMEN 
ANOMALIES BY REDUCTION 

Diminution in the size of the lobe is found: (a) in the left lobe; 
(b) in the right lobe; (c) in Spiegel’s lobe, and (d) in the quadrate lobe. 
These anomalies are sometimes associated with others. 

(a) Diminution of the Left Lobe—Jacquemet says that it is not 
rare to find the left lobe consisting of a large band of hepatic tissue 
sometimes as long as the entire right lobe but not so wide. In such a 
case, there is atrophy of the left lobe without a heart-shaped formation 
of the organ. 





(b) Reduction Involving the Right Lobe——This is the inverse of 
what one finds when atrophy of the left lobe takes place. It is unusual 
to find the right lobe reduced in dimensions and in volume. Jacquemet 
found it only once in 200 observations. 


ANOMALIES THROUGH INCREASE IN SIZE OF LIVER 
(a) Increase Involving Right Lobe.—Jacquemet says: 
Sometimes (without speaking here of the cases where one or more accessory 


lobes are attached to the right lobe) there exists a manifest hypertrophy. 


(b) Increase in Size of Left Lobe. 


(c) Increase of Spiegel’s Lobe. 





Jacquemet says : 


Atrophy of this lobe, as we have seen, is exceptional. It is less rare to 
meet with a Spiegel’s lobe increased in its dimensions. There may be a 
general hypertrophy of the lobe; sometimes a posterior prolongation or an 
accessory lobe may be found springing from Spiegel’s lobe near its center or 
along the anterior border. 


(d) Increase Involving Quadrate Lobe.—Jacquemet says: 


This variety is the most common and is characterized in the greater number 
of the cases by the presence of an accessory lobe varying in form and size and 
more or less pedunculated. This is usually attached to the anterior eminence 
of the quadrate lobe. 


MODIFICATIONS IN FORM OF LIVER WITHOUT ANY SENSIBLE 
AUGMENTATION IN VOLUME 

Incised Liver—Jacquemet says: 

It is sufficiently frequent to find a furrowing of the parenchyma of the liver 


in an irregular fashion. In the majority of cases, the modifications are found 
in the right lobe and on its under surface. 


Of six cases that he had observed, Jacquemet found a single furrow 
in one, two furrows in four, and three furrows in one. 

Of eight cases in which the sex was mentioned, seven occurred in 
men and one in women. t 
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According to Jacquemet, the immediate cause of the fissures is the 
pressure exercised on the parenchyma of the liver by the fibers of the 
diaphragm. He emphasized the fact that Zahn held to this view very 
strongly. 

Zahn, in twelve cases in which liver furrows were noted, found that 
eleven of the patients had suffered from affections of the respiratory 
tract. 

Chiari,'! in 1899, examined a large amount of material and came to 
the conclusion that fissures in the liver were due to either a strong, a 
continual, or a frequent pressure of the liver against the diaphragm. As 
we have already seen, Charnock Bradley’s views are somewhat different. 

The following are a few cases in which fissure of the liver was noted : 

Meckel,* in 1822, reported a case (Fig. 1) in which there were 
marked diaphragmatic furrows on the liver. 





Fig. 1—Liver showing numerous fissures viewed from the front. There are 
three deep fissures in the right lobe, six in the left. (Redrawn by Max Brédel 
after I. F. Meckel: Tabulae anatomico-pathologicae, 1822, Tab, XXIV, Fig. 2.) 


Broca,’* in 1880, reported a case of microcephalus in which marked 
fissuring of the liver was noted. 

Duchesne," in 1881, described a liver with marked fissuring on its 
under surface. 


Alezais and Arnaud,’ in 1887, described a liver with furrows and 
lobules in a patient 28 years of age. The liver weighed 1,900 gm. and 


11. Chiari, H.: Ueber die Genese der “Zwerchfellfurchen” der Leber, Ver- 
handl. d. Gesellsch. deutsch. Naturf. u. Aerzte 71:7 (Medical Section) 1899. 

12. Broca, P.: Sur un microcéphale agé de deux ans et demi, anomalies 
viscérales régressives, Bull. Soc. d’anthrop. de Paris 3:387, 1880. 

13. Duchesne, Eugéne: Notes sur quelques anomalies régressives observéés 
sur les viscéres d’ un négre mozambique, Bull. Soc. d’ anthrop. de Paris 4:329, 


1881. 


14. Alezais and Arnaud: Foie humain incisé et lobulé, Marseille méd. 24: 
745, 1887. 
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was not appreciably hypertrophic. It presented, on its under surface, 
several furrows and two pedunculated lobules. The furrows were 
situated in the right lobe and the quadrate lobe was markedly developed. 
There was a lobule somewhat larger than an olive on the under surface of 
Spiegel’s lobe, which was attached by a thin pedicle, a second pedun- 
culated lobe on the under surface of the liver. 

Michaut,’* in 1888, described diaphragmatic furrows on the liver 
following an old pleurisy. 

Caryophyllis,*® in 1889, reported a case in which there were imprints 
of the diaphragm on the liver, characterized by four fissures on its 
upper surface. 

Grenet,'’ in 1895, recorded a multilobed liver which presented many 
hepatic fissures. 


@ Round ligament 
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Fig. 2—Supernumerary lobes of the liver: a and a’, two small tongue- 
shaped supernumerary lobes; a springs from the under surface of the right 
lobe, a’ lies against the gallbladder. (Redrawn by Max Brodel after C. Giacomini, 
Giornale della R. Accad. di Med. di Torino, Anno XLVII, 32:564, 1884.) 


Moser,'* in 1898, at necropsy found a markedly lobulated liver 
(Fig. 6). On its upper surface were twelve lobes ; on its under surface, 


15. Michaut: Sillons diaphragmatiques du foie consécutifs 4 une ancienne 
pleurésie droite, Bull. Soc. anat. de Paris 63:10, 1888. 

16. Caryophyllis: Empreintes diaphragmatiques du foie, Bull. Soc. anat. de 
Paris 64:203, 1889. 

17. Grenet: Foie multilobulé, Bull. Soc. anat.de Paris 70:442, 1895. 

18. Moser, W.: Anomalous Lobulations of the Liver, M. Rec. 54:88, 1898. 
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four. They were separated by deep fissures. Moser, in his article, 
gave a good résumé of the subject. 


Barclay-Smith,*® in 1908, described a liver from a patient aged 21. 
There were unusual fissuring and a displaced gallbladder. 


A LIVER WITH MULTIPLE LOBES 


The literature on the subject of livers with multiple lobes is relatively 
meager. In some cases, there was a definite, discrete, broad-based pro- 
jection of liver tissue; in others, this liver tissue was pedunculated, and 




















Fig. 3—Anterior view of marked circumscribed fibrous tissue formation 
dividing the liver into several lobes. The right lobe on the anterior surface 
has been divided into two lobes, there being a wide zone of fibrous tissue 
between them. On this surface the upper part of the right lobe is separated 
from the left and atrophic lobe by a similar zone of fibrous tissue. The gall- 
bladder is partly covered by the broad zone of fibrous tissue. The under surface 
of this liver is shown in Figure 4. (Redrawn by Max Brédel after L. Calori, 


Mem. della Accad. delle Scienze dell "Instituto di Bologna, 4 Serie, 2:344, 
1880, Fig. 5.) 


in a few, it had become separated from the liver proper, there being no 


continuity of liver substance between the accessory liver and the parent 
structure. 


19. Barclay-Smith, E:: A Liver Exhibiting Multiple Anomalies, J. Anat. & 
Physiol. 43:346, 1908-1909. 
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We can, therefore, divide these accessory lobes into two groups: 
1. An accessory lobe attached to the liver by a pedicle of liver tissue. 


2. An accessory lobe connected with the liver by a mesentery. 
Forni,’ in summing up his findings in 1915, says: 


From the observations that I have collected in the preceding table one 
notices that in fifteen cases the accessory lobe was situated on the under 
surface of the liver opposite the quadrate lobe or that of Spiegel. In three 
cases they were situated in the left lobe, in four cases on the left triangular 
ligament, and in one case on the posterior margin. In only three cases were 
they found on the anterior surface of the liver. 













‘ 
' 
' 
‘ 
. 
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Left lobe 


Gallbladder a Right lobe 
| 


Fig. 4.—Under surface of a markedly lobulated liver. The anterior surface 
is shown in Figure 3. The gallbladder gives our landmarks. The left lobe is 
much smaller than usual. The lower part of the right lobe is markedly lobu- 
lated. The bridge of fibrous tissue ~so pronounced on the anterior surface 
(Fig. 3) is visible in the cleft midway down the margin of the right lobe. 


(Redrawn by Max Brédel after L. Calori, Mem. della Accad. delle Scienze 
dell’ Instituto di Bologna, 4 Serie, 2:344, 1880, Fig. 4.) 








Accessory lobes of the liver have very little clinical importance because 
they evoke no symptoms and are located usually deep on the under surface of 
the liver. 


Bass,” in 1900, published an article on accessory livers in pigs. 


20. Bass: Nebenlebern beim Schwein, Ztschr. f. Fleisch- u. Milchhyg. 10: 
207, 1900. 
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The liver is one of the most stable organs in the body and rarely 
shows any marked change. When changes do occur, they are prone to 
be multiple. If a hypertrophy be present in one part, there may be a 
corresponding lack of development in another. If many fissures exist, 
there naturally will be more lobes. I think that one can get the best 
grasp of the subject by studying the following cases, which include 
atrophies, hypertrophies and the pedunculated accessory lobes of the 
liver (Figs. 2, 3, 4, 5, 6 and 7). 










Caudate lobe 
Spigeli lo 


Quadrate lohe’ Gallbladder 











Fig. 5—Unusual lobulation of under surface of right lobe of liver viewed 
from the under surface. The left lobe appears to be torn. The apparent tear 
is a fissure. The under surface of the right lobe in its lower portion shows 
marked furrowing and an unusual tendency to form small lobes. (Redrawn 
by Max Brodel after L. Calori, Mem. della Accad. delle Scienze dell’ Instituto 
di Bologna, 4 Serie, 2:344, 1880, Fig. 9.) 


ACCESSORY LOBES CONNECTED WITH LIVER BY HEPATIC TISSUE; 


ATROPHIES AND HYPERTROPHIES OF LIVER 


REPORT OF CASES 
1822, Meckel:* Hypertrophy of the right lobe of the liver. 


1822, Meckel:* Meckel’s Case 3. An accessory right lobe of the liver. The 
patient was an aged woman. On the upper surface of the right lobe was 
a projection, rounded, 1% inch (3.7 cm.) long, 15 lignes width and the 
same thickness. It is shown in Meckel’s Figure 3. 
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1822, Meckel:* Meckel’s Case 4. Accessory lobe of the liver in an adult 
man. The accessory lobe was implanted on the upper surface of the 
right lobe and was directed toward the posterior border of the liver 
(Meckel’s Fig. 4). 

1849, Gruber:* An accessory lobe coming from the extremity’ of the left 
transverse fossa of the liver. 





Fig. 6.—Liver with sixteen lobes (after W. Moser, Med. Rec. 58:672, 1898). 
Max Brédel has redrawn the two pictures and placed them in such a relation- 
ship that the upper and lower surfaces can be easily compared. One should 
begin from the gallbladder to trace the relationship in this unusual picture. 
The suspensory ligament in the upper part of the picture shows the dividing 
line between the right and left portions of the liver. 


1849, Gruber:* The accessory lobe was under the quadrate lobe in the 
neighborhood of the transverse fossa. The specimen was obtained from 
a child. 
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Fig. 7.—Accessory hepatic lobe in a cat. The specimen was found by Dr. 
Béla Halpert, instructor in anatomy, Johns Hopkins Medical School, while 
doing some experimental work. Springing from the lower part of the anterior 
surface of the left lobe of the liver is a small, flat, somewhat rounded liver 
lappet. By contrast with the liver substance, it looks like spleen and was 
thought to be such until histologic specimens were studied. It is attached to 
the surface of the liver by a rather narrow pedicle. The lower picture is 
two and one-half times natural size and gives the finer details of the surface. 
On histologic examination the accessory lobe is found to consist of ill-defined 
but definite liver tissue with areas of hemorrhage. 
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1876, Vegandt™ (in the literature frequently referred to as “Case”): Acces- 
sory liver. 

1876, Toldt and Zuckerkandl:*” Accessory hepatic lobe on the under surface 
of the liver. 

1878, Yvon:* “Deformation of the liver.” The patient was a woman who 
had died of pulmonary tuberculosis. On the left extremity of the right 
lobe was a floating appendage consisting of hepatic tissue. 

1880, Broca: Specimen from a microcephalic idiot of 24% years. On the 
convex surface of the right lobe was a semicircular oblique sulcus that sur- 
rounded a small tongue-like lobule. On the inferior surface of the same 
lobe, to the right of Spiegel’s lobe, which was very large, was another 
small lobule similar to that on the convex surface of the liver. The 
entire liver presented a tendency to multiple divisions. 

1880, Calori:** This author shows splendid pictures of marked lobulation 
of the liver and also an isolated lobe united with the liver by fibrous 
tissue. There was a peninsula-like projection coming from the right lobe. 
and this lobe was in apposition with the left triangular ligament. There 
was a deep fissure between the lobes (Figs. 3 and 4). The liver was 
from a boy of 13 who had supernumerary digits on the right foot. 

1880, Gruber: * The patient was 50 years old. The liver was small and its 
substance normal. There were two accessory lobes. One was round in 
its long axis and divided into two portions by a constricted area. It was 
1 inch (2.5 cm.) long by 4 inch (0.6 cm.) broad. The other accessory 
lobe was % inch (1.2 cm.) long by % inch in diameter. 

1883, Tarenetzki:* In a man of 70 the left lobe of the liver was missing and 
the liver was half ball shaped. There were small accessory livers, two 
near the gallbladder, two far back on the under surface of the liver—all 
connected with the organ by pedicles. 

1884, Giacomini: Giacomini gives an excellent picture of small tongue- 
like accessory lobes springing from the under surface of the liver. They 
were situated to the right and left of a sulcus of the umbilical vein. The 
patient was a colored man. The gallbladder was enlarged. Spiegel’s 
lobe was almost isolated. It was attached only by a prolongation which 
is usually found coming from the left lobe. 

1886, Senton:* A case in which the liver had practically disappeared. 


21. Vegandt (Case): MHepar accessorium, Voyenno-Med. J., St. Petersburg 


127: 145-147, 1876. 


22. Toldt and Zuckerkandl: Ueber die Form- und Texturveranderungen 


der Menschlichen Leber wahrend des Wachsthums, Sitzungsb. d. Wien. Akad. d. 


Wi 


ssensch. 72:241, 1876. 
23. Yvon: Déformation du foie, Bull. Soc. anat. de Paris 53:497, 1878. 
24. Calori, Luigi: Sulla coesistenza di un eccessiva divisione del fegato 


e di qualche dito soprannumerario nelle mani o nei piedi, Mem. Accad. d. sc. d. 
Ist. di Bologna 2:335, 1880. 


25. Gruber, Wenzel: Doppelte Nebenleber, Virchows Arch. f. path. Anat. 


82:476, 1880. 


26. Tarenetzki, A.: Abnorme Form einer Leber nebst Nebenlebern, St. 


Petersb. med. Wchnschr. 8:251, 1883. 


27. Giacomini, C.: Annotazioni sopra I’ anatomia del Negro, Gior. d. 


Accad, di med. di Torino $32:563, 1884. 


28. Senton, B. C.: Notes of Autopsy Disclosing Absence of Liver, Tr. M. 


Soc. New York, 1886, p. 495. 
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1887, Bernays:” A patient from St. Louis with an abnormal pedunculated 
lobelet of the liver. 

1£88, Sollier:*” The patient was a man 67 years old. The liver was remark- 
ably small, deformed, triangular and heart shaped. 

1§88, Potherat:“ The patient was a very old woman. The liver was lobu- 
lated. The right lobe had a normal conformation and was of the usual 
size. At a certain distance from the right lobe there was a small lobe 
very long in its vertical direction, larger below than above. At the 
margin which one may consider the right, was attached the triangular 
ligament, and the umbilical vein penetrated deeply into the isthmus that 
united these two lobes. This isthmus was formed entirely of peritoneum 
in which was found, partly free and partly embedded, three small lobules 
occupying the place of the quadrate lobe. Two of these lobules were 
above, and were of the volume of a nut; the other was below, and was 
hardly as large. 

1889, A. Thomson:* An accessory lobe on the inferior surface of the liver. 

1890, Stocquart:* Unusual lobes of the liver. 

1892, Rolleston:* A liver with anomalies, and their lobulations. 

1893-1895, Eshner: ** A very small liver in a child a few days after birth. 

1895, D’Evant:* An accessory lobe. 


1895, Grenet:* The liver was multilobulated. 
1895, Mackenzie: Extra lobe of the liver associated with syphilis. 
1896, Jacquemet:* In Observation 9, he records a heart shaped liver. 


1896, Jacquemet:* In Observation 10, he describes a case of partial atrophy 
of the right lobe of the liver. 

1896, Jacquemet:* In Observation 11, he describes a case showing atrophy 
of Spiegel’s lobe. 

1895, Jacquemet:* In Observation 12, he records a case of atrophy of 
Spiegel’s lobe. 

1896, Jacquemet:* In Observation 13, he reports a case showing hyper- 
trophy of the left lobe of the liver. 

1896, Jacquemet:* In Observation 36, he reports a multilobed liver with 
displacement of the gallbladder. The upper surface of the liver presented 
not two but five lobes. The right portion of the liver, that is, the portion 


situated to the right of the suspensory ligament, had four lobes varying 
greatly in size. 


29. Bernays, A. C.: An Abnormal Pedunculated Lobelet of the Liver, St. 
Louis M. & S. J. 52:265, 1887. 

30. Sollier, P.: Anomalie du foie, Bull. Soc. anat. de Paris 6$:212, 1838. 

31. Potherat: Foie lobulé, Bull. Soc. anat. de Paris 63:572, 1888. 

32. Stocquart, A.: Note sure les anomalies du foie, Arch. de méd. et chir. 
pratiques, Bruxelles 4:34, 1890. 

33. Rolleston, H. D.: Specimens of Livers with Anomalies in Their Lobu- 
lations, J. Anat. & Physiol. 27:XXXI, 1892-1893. 

34. Eshner, A. A.: Diminutive Liver from an Infant, Tr. Path. Soc. Phila. 
17:53, 1893-1895. 

35. D’Evant, T.: Un caso di fegato succenturiato, Gior. d. Assn. napol. di 
med. e nat. 5:292, 1895-1896. 

36. Mackenzie, H. W. G.: A Case of Malformation of the Liver, Tr. Path. 
Soc., London 46:69, 1895. 
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1896, Jacquemet:* In Observation 38, Jacquemet records the absence of 
the quadrate lobe in a child 4 days old. 

1896, Micheleau:” An extra lobe continuous with the liver. 

1898, Leaf: An accessory lobe, tongue-shaped, on the right surface of the 
liver. 

1898, Moser:™ A liver with 16 lobes (Fig. 6). At necropsy the liver was 
found to be markedly lobulated. On its upper surface were twelve lobes, 
on its under surface four. They were separated by deep fissures. In 
another article,” Moser gives a good résumé of the subject. 

1898, Wakefield: “” Congenital malformation of the liver, absence of the 
lobus spigelii, rudimentary quadrate and left lobe, with enlargement of 
the right lobe. 

1899, Kuss:“ An aberrant lobe of the liver. This was from a necropsy in 
a patient 23 years of age. Situated 7 cm. to the right of the gallbladder 
and springing from the under surface of the right lobe was an accessory 
nodule, 1.8 cm. in length. On one side it had a definite mesentery, as 
shown by Kuss’ picture. This mesentery reminded one of the mesentery ~ 
of the appendix, the appendix being free at one end and continuous with 
the bowel at the other. The accessory lobe was free at one end, and 
merged into the liver at the other. 

1899-1900, Wood: “ An accessory lobe of the liver. 

1900, Mouchotte and Kuss:“ The patient was a woman 27 years old. On 
the inferior surface of Spiegel’s lobe there were three small aberrant 
lobes which covered almost completely the surface of that lobe. The one 
situated in front of the others was egg-shaped and was united to Spiegel’s 
lobe by an intervening lobe. The second and third lobes were in direct 
apposition to Spiegel’s lobe. The development of the right and left lobe 
was equal, but on the inferior surface the sulcus of the umbilical vein 
was lacking. 

1903, Walther: “* Accessory lobe. 

1907, Husnot:“ Supplementary lobe on the inferior surface of the liver. 


37. Micheleau: Foie avec lobe accessoire, Bull. Soc. d’ anat. et de physiol. 
de Bordeaux 17:156, 1896. 

38. Leaf, C. H.: Liver Showing a Linguiform Projection of the Right 
Margin, Proc. Anat. Soc. Gr. Britain & Ireland, London, 1898; J. Anat. & 
Physiol. 33: XVIII, 1898-1899. 

39. Moser, W.: A Liver with Sixteen Lobes, M. Rec. 53:671, 1898. 

40. Wakefield, P. A.: Congenital Malformation of the Liver—Absence of 
the Lobus Spigelii, Rudimentary Quadrate and Left Lobes, with Enlargement 
of the Right Lobe, J. Anat. & Physiol. 33:50, 1898-1899. 

41. Kuss, G. E.: Lobe aberrant de la glande hépatique chez l’homme, J. de 
l’anat. et physiol. 35:694, 1899. 

42. Wood, F. C.: Accessory Lobe of the Liver, Proc. New York. Path. Soc., 
1899-1900 (printed 1901), p. 245. 

43. Mouchotte and Kuss: Lobulation et lobes aberrants du foie; leur inter- 
prétation, Bull. et mém. Soc. anat. de Paris 75:217, 1900. 

44. Walther: Lobe surnuméraire du foie, Bull. et mém. Soc. de chir. de Paris 
29:888, 1903. 

45. Husnot: Sillons a la face inférieure du foie, J. de méd. de Bordeaux 
37:540, 1907. 
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1911, Bruni: “ Small accessory lobes on the under surface of the liver. In 
this case there were anomalies in a branching of the umbilical vein 
emptying near the portal vein. There was a special distribution of the 
portal vein, and an abnormal location of the gallbladder. This was 
embedded in an anterior fissure on the lower surface of the right lobe. 

It is quite possible that subsequent studies will reveal occasional 

accessory lobes on the livers of animals. In Figure 7 we see a small, 
flat, deeply injected accessory lobe springing from the lower end of the 


Accessory Liver 





Fig. 8.—Accessory lobe of liver from a woman aged 40. Only the left half 
of the liver is shown. Attaehed to its extreme left and upper portion is an 
accessory lobe 17 lignes long and 10 lignes broad. It was connected with the 
liver by a mesentery containing the vessels. There was no trace of hepatic 
tissue in this mesentery. The portion of the liver near the accessory lobe was 
diminished in volume. (Redrawn by Max Brédel after I. F. Meckel: Tabulae 
Anatomico-Pathologicae, Fasciculus Tertius, Lipsiae, 1822, Tab. XXIV, Fig. 1.) 


anterior surface of the left lobe of the liver in a cat. This was an 
accidental find by Dr. Béla Halpert during some experimental work in 
the anatomic laboratory of the Johns Hopkins Medical School. 


46. Bruni, A. C.: Contributo allo studio delle anomalie congenite del fegato, 
Gior. d. r. Accad. di med. di Torino 17:61, 1911. 
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ISOLATED ACCESSORY LIVERS 


Isolated accessory livers are exceedingly rare and, of necessity, must 
have the same general arrangement. When considering them, I have 
been forcibly reminded of the radiators in the average home: If a 
small radiator is needed, three or four units are linked together; if a 
larger radiator is required, from ten to sixteen units are linked up. No 
unit is of any value unless it is connected with the general heating 
system. In the same way, no unit of the liver is of any value unless it 
is connected with the liver system. When we study the following cases, 
we find that the accessory lobe in each was attached to the liver by a 
bridge of connective tissue or by peritoneum, and that passing through 
the folds of the peritoneum from the accessory nodule to the liver were 
artery, veins and hepatic duct. In a few cases, these vessels 
were linked to the system external to the liver. 


vessels 





ACCESSORY LOBES ATTACHED TO THE LIVER BY A MESENTERY 


1767, Morgagni (from Forni):“ One lobe of the liver was united to the 
larger lobe only through a dense membrane. The hepatic vein from this 
lobe emptied directly into the vena cava a little below the point where 
the vessels emptied from the other lobe. Even the other lobe was sub- 
divided into secondary lobes. The liver was from a new-born child. 


1822, Meckel:* In a woman of 40, Meckel found an accessory lobe of the 
liver. This was situated to the extreme left and was connected with the 
liver only by the peritoneum containing the vessels. The membranous 
bridge that connected the accessory nodule with the liver contained no 
trace of hepatic tissue. The accessory lobe was 17 lignes long, 10 lignes 
broad. The portion of the liver near the lobule was diminished in 
volume. Meckel illustrated this case in his Figure 1, Plate 24. 


1837, Cruveilhier:“ In the left lobe there was a hepatic prolongation, 
tongue-shaped. This was united with the liver by a fibrous tissue con- 
taining the vessels. 

1844, Huschke:“ Huschke described an accessory liver, 25 mm. in length, 
hanging from the extremity of the left lobe. This accessory lobe was 
covered by peritoneum through which the vessels communicating with the 
liver passed. The specimen was from a man 57 years old. 


1849, Gruber:* The patient was a woman. A piece of liver was attached 
crosswise to two vessels in the posterior part of the umbilical fossa. This 
small accessory liver was 10 lignes broad, 6 lignes from before backward. 
It had two surfaces, the upper one looking toward the liver; the posterior 
one was free. The two vessels to which the accessory lobe was attached 
came from the liver, one from the quadrate lobe, the other from the left 
lobe. By these two vessels the accessory liver hung beneath the umbilical 


47. Morgagni, cited by Forni: De sedibus et causis morborum, Epistolae 
II, 48:55, 1767. 


48. Cruveilhier: Anatomie descriptive 1:469, 1837. 


49. Huschke, E.: Lehre von den Eingeweiden wu. Sinnesorganen des 
Menschlichen Kérpers, Leipzig, 1844, p. 155. 
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fossa. In this case in a most unusual way the gallbladder in its lower 
portion was covered by a 1 inch (2.5 cm.) by % inch (1.2 cm.) piece of 
liver substance. This was connected by a narrow zone of liver substance 
with a quadrate lobe. 

1874, Laget:” The patient was a tuberculous woman. The liver weighed 
1,230 gm. The left portion was entirely rudimentary and consisted of little 
more than the suspensory ligament. Replacing the part of the left lobe 
which was almost entirely missing was an isolated lobe, a sort of sup- 
plementary liver which had the form and dimension of a small kidney, and 
which by its upper surface was in apposition with the diaphragm, by its 
lower surface with the stomach. By its concave surface it was attached 
to the rest of the liver by a true mesentery arising from Glisson’s capsule. 
This mesentery had a length of two fingerbreadths. In it were the 
vascular vessels passing to the abnormal lobe. 

1880, Tarufi:" The patient was a woman. There were three isolated lobes 
which were united. One, the size of a small orange, and two others, 
smaller, were hanging from the inferior margin of the right lobe of the 
liver in the neighborhood of the gallbladder. They were hidden in a 
peritoneal prolongation which descended from the surface of the liver 
lengthwise and through which ran an excretory duct and artery and 
some veins, which served to communicate between the tumor and the 
liver (Fig. 14). (This case is again referred to under cases of elongated 
right hepatic lobes. ) 

1911, Inglis: Extra extrinsic hepatic lobe. A very interesting case found 
in an asylum. The patient was a woman 75 years of age. The tumor 
had been palpated during life. At necropsy a most interesting condition 
was found. Lying over the aorta at the level of the celiac axis was a 
rounded piece of liver a little larger than a silver dollar and about half 
an inch in thickness; this was connected with the left lobe of the liver 
by a mesentery from 1 to 2 inches (1.2 to 2.5 cm.) in length and was 
enclosed in a separate fibrous capsule. 


ISOLATED NODULES OF LIVER TISSUE IN THE 
SUSPENSORY LIGAMENT 


In a few cases, small nodules of liver tissue have been found in the 
suspensory ligament. In one of Wagner’s cases, there were ten very 
small masses of liver tissue. In his cases the patients were 9 days and 2 
months old, respectively. 


In Gruber’s ** case, reported in 1879, and in one of Tarozzi’s ** cases, 
small vessels were seen passing from the nodule toward the liver. 


50. Laget, E.: Anomalie du foie; lobule surnuméraire, Bull. Soc. anat. de 
Paris 49:42, 1874. 

51. Taruff, C.: Due rare alterazioni di fegato, Mem. dell’ Accad. delle Sc. 
dell "Instituto di Bologna, Series 4, 1:167, 1880. 

52. Inglis, J. P. P.: Extra Extrinsic Hepatic Lobe, Polyclinic 15:9, 1911. 

53. Gruber, Wenzel: Beobachtungen aus der Menschlichen und Vergleichen- 
den Anatomie, Berlin, 1879, Part 1, p. 48. 

54. Tarozzi, G.: Osservazioni e Ricerche sopra le Inclusioni epatiche nel 
Legamento triangolare sinistro del fegato, Sperimentale, Arch. di. biol. 58: 
499, 1904. 
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If the small nodules are connected with the liver circulation, they 
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can, of course, persist ; if isolated, however, they naturally will soon dis- 
appear, as they seem to have been doing in Wagner's case. 


55. Klob: Wien. med. Wchnschr., 1865, pp. 1357-1404. 


CASES 


1849, Gruber : * 


Tarozzi’s article, which appeared in 1904, is a most valuable one. 


IN WHICH LIVER NODULES 
OR TRIANGULAR LIGAMENT 


WERE FOUND IN THE SUSPENSORY 













The patient was a woman. A small nodule of hepatic tissue 
was completely isolated and embedded in the umbilical fossa. 


1861, Wagner:* The specimen was obtained from a puny child dying on 


the ninth day after birth. In the suspensory ligament quite near the 
umbilicus were ten very small (reaching %'"), round, elongated or 
irregular, sharply outlined, greyish white or brownish granules. The 
liver itself was normal. The small nodules in the suspensory ligament 
consisted of liver cells, some showing fat droplets, others yellowish bile 
pigment. Bile ducts were found only in the outlying portions of the larger 
nodules. 


1861, Wagner:* Wagner’s second case was in a 2 months old boy. There 


were similar nodules in the suspensory ligament. They were smaller, 
however, and fewer in number than in the first case. Wagner says: “The 
new growth of the liver substance in the suspensory ligament of the 
liver is a congenital anomaly and falls into the same category as an 
accessory spleen, pancreas, thyroid, etc.” 


1865, Klob:* A small tumor about the size of an olive situated in the 


suspensory ligament. This tumor was subdivided into four lobes, had 
an acinous structure and contained cells resembling liver cells. The 
specimen was from a woman aged 56. 


1879, Gruber: This was Gruber’s Case 4. The specimen was from a 


man. There was a large right lobe of the liver, a small left lobe and 
two accessory lobes. These two accessory lobes were separated by a 
depression 7 mm. deep and as much as 1 cm. in breadth. They were 
located in the suspensory ligament. The more median nodule was 3.5 cm. 
long, 1.5 cm. broad and 1 cm. thick. The smaller nodule had a small 
suspensory ligament. It was 3.2 cm. long, 1.3 cm. broad, 3 mm. thick. 
The liver substance of these was normal. All the vessels from these 
nodules passed along together in the suspensory ligament. These vessels 
were the vein going to the tumors, the vein from the tumors, the artery 
and the bile duct. The bile duct came as a long branch from the lateral 
and a short branch from the median accessory lobe and finally emptied 
into the left hepatic duct. The artery was a branch of the left ramus of 
the hepatic artery. The vein going to the accessory lobes sprang from 
the left ramus of the portal vein from 10 to 12 mm. posterior to the 
branch going to the atrophic left lobe of the liver. At a point 3 cm. 
from its origin it divided into a short branch for the median accessory 
lobe and a longer branch for the lateral accessory lobe. The vein pass- 
ing from the accessory lobes joined the under and left main branch of 
the hepatic vein 5 mm. behind the return vein from the left and atrophic 
liver lobe. The accessory veins in this case could not be interpreted as 
due to atrophy of the left lobe of the liver. 
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1883, Tarenetzki:*” Accessory lobe near the gallbladder and situated on 
the falciform ligament. 

1885, Gruber: Gruber found in the left ligament of the liver about 6 mm. 
from its insertion a mass of hepatic tissue which measured about 15 mm. 
in length, 8 mm. in width and 3 mm. in thickness. It was entirely included 
in the ligament. It was observed in a dead-born female infant. 

1904, Tarozzi:“ The specimen was from a man. On the left triangular 
ligament there was an oval tumor, 2 cm. in length and 7 mm. in width, 
parallel to the external margin of the ligament. The tumor was pale red 
with small distinct zones which became confluent. On its surface and 
situated beneath the serosa there were small vessels which went from 
the triangular ligament toward the liver. On histologic examination, 
the nodules proved to be liver tissue. 

1904, Tarozzi:“ The patient was a man of 53. The left lobe of the liver 
was somewhat atrophied and tapered into a membranous mass which 
terminated in a tongue-like piece of hepatic tissue. Betwen the folds 
of the ligament there were small islands of tissue which under the 
microscope showed normal liver cells with small portal vessels. 


LIVER TISSUE EMBEDDED IN A SUPRARENAL GLAND 


During the preparation of this paper, Dr. A. R. Rich told me of a 
most unusual condition found at a necropsy at Johns Hopkins Hospital. 
Dr. William G. MacCallum and he were good enough to place the 
material at my disposal. 


Dr. George H. Gardner, who made the necropsy, discovered liver 
tissue embedded in one of the suprarenals. 


The right suprarenal normally lies close to the liver; the left is 
farther away. As this was an accidental discovery after sections had 
been made, it was impossible to determine whether the aberrant liver 
tissue was in the right or in left suprarenal. 


H. C., aged 6 weeks, was admitted to the Harriet Lane Home, Johns Hopkins 
Hospital. The family history was negative. He was the only child, was born 
at full term, and weighed 7% pounds (3.4 kg.). No abnormalities were noted 
at birth, He was deeply jaundiced from the third day for a period of two 
weeks, and did not gain in weight. 


When four weeks old, the child had an attack in which he cried and turned 
blue. He became relaxed, and had no twitchings or convulsions. There were 
repeated attacks similar in character for five days. On admission to the 
hospital, at that time, he had a Mongolian appearance — slant eyes. The heart 
was enlarged; there was bulging of the precordium and a systolic murmur 
over the apex. The liver was enlarged and extended to the umbilicus. The 
upper arms and thighs were shortened. The fingers were square-tipped. 

The child was in the hospital for sixteen days and had repeated attacks 


similar to those noted prior to admission. Finally, he died without apparent 
cause, June 4, 1923. 


56. Gruber, Wenzel: Mangel der linken Lunge bei Vorkommen einer 
Nebenleber und dreier Nebenmilzen, Virchows Arch. f. path. Anat. 102:11, 1885. 
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A necropsy was performed the same day. The anatomic diagnosis was 
persistent foramen osteum and foramen ovale, cardiac hypertrophy and dilata- 
tion; petechial hemorrhages beneath visceral pleura and endocardium; aberrant 
liver tissue in the suprarenal. 

Nothing abnormal was noted about the suprarenals macroscopically. The 
unusual aberrant liver tissue was a microscopic finding. It was not known from 
which suprarenal it came (Figs. 9 and 10). 








Fig. 9.—Liver tissue embedded in a suprarenal gland: The upper part of the 
picture consists of liver tissue, the lower of suprarenal parenchyma; the liver 
tissue was embedded in the suprarenal gland. Figure 10 is a higher power 
illustration. 

LIVER MODIFIED IN FORM AND IN DIMENSIONS 


AND OUT OF PLACE 


Jacquemet under the classification of liver modified in form and 
dimensions and out of place includes: 


1. A liver misplaced and rotated to a vertical axis. 
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2. A liver that may be almost entirely free in the abdominal cavity 
owing to loss of the greater portion of its ligamentous attachment. 

Kirmisson,*’ in 1880, reported a case in which there was rotation of 
the liver on its vertical axis. 

Morestin,®* in 1896, recorded a case in which the liver had rotated 
and the gallbladder was lying in the iliac fossa. 


ELONGATED RIGHT LOBE OF LIVER 


Jacquemet, in referring to a voluminous prolongation of the right 
lobe of the liver, points out that this lobe may extend into the iliac 
fossa. He says that this malformation is totally independent of all 
alterations of the liver and appears to be congenital. He, of course. 
refers to Riedel’s lobe. 








Fig. 10.—Liver tissue in suprarenal gland. The left is liver tissue, the 
right suprarenal tissue and to the extreme right is the suprarenal capsule. The 
line of junction between the liver and suprarenal tissue is sharply defined. 


The most common of these abnormalities is an elongated right lobe 
of the liver. It is this that is so frequently confused with an enlarged 
gallbladder or with prolapsed right kidney. The literature on this 
subject is voluminous, and I shall merely refer to a few of the earlier 
papers on the subject. 


Musser,” in 1888, published a paper on deformity of the liver simu- 
lating movable kidney. 


57. Kirmisson, E.: Singuliére anomalie du foie qu’on pourrait appeler 
double déplacement par interversion et rotation autour d’un axe vertical, Bull. 
Soc. anat. de Paris 55:112, 1880. 


58. Morestin, H.: Configuration anormale du foie, Bull. Soc. anat. de Paris 
71:201, 1896. 


59. Musser, J. H.: Deformity of Liver Simulating Movable Kidney, Tr. 
Path. Soc. Philadelphia 14:82, 1887-1889. 
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Pichevin,® in 1888, spoke of the “coincidence of a floating lobe of 
the liver and of a movable kidney.” 


Tscherning," in 1888, recorded the case of a woman 36 years of 
age who had a mobile abdominal tumor causing violent pain. He found 
an accessory hepatic lobe attached to the right lobe. This accessory lobe 
was sutured to the wall of the abdomen with a satisfactory recovery. 


Mauclaire,®* in 1894, described a marginal lobe of the liver near the 
right kidney. 


Langenbuch,* in 1891, reported a pedunculated lobe of the liver in 
a woman 50 years of age. The lower right abdomen was occupied by a 
hard, smooth, movable tumor which was connected with the liver. At 
operation, the pedunculated right lobe was found to extend to the right 
iliac fossa, and to be divided into two parts by a bridge of connective 
tissue. The pedunculated lobe was sutured to the abdominal wall with 
satisfactory results. 


In 1896, my former teacher, McPhedran,** reported a tongue-like 
prolongation of the liver, and dwelt in a most interesting manner on 
the clinical phenomena presented by these hepatic prolongations. 


Morestin,** in 1896, reported a case of a male in whom the left lobe 
of the liver was reduced to very small proportions. It was very thin 
and not over two fingerbreadths. The right lobe was elongated down- 
ward in such a manner that the upper portion rested in contact with 
the diaphragm, its lower end passing into the iliac fossa. 


Jan. 20, 1925, Dr. John M. T. Finney operated on one of my family 
for trouble in the right upper abdominal quadrant. He found a Riedel’s 
lobe, to the under surface of which the hepatic flexure of the colon was 
adherent for several inches, producing a partial intestinal obstruction. 


The condition found strongly suggested that the elongated liver lobe 
might have been caused by the continued traction of the adherent colon. 


Following is a short history of Riedel’s lobe by Finney, and a report 
of this case. 


60. Pichevin, R.: Coincidence d’un lobe du foie flottant et d’un rein mobile, 
Progrés méd. 8:253, 1888. 


61. Tscherning, E. A.: Beweglicher Schniirlappen der Leber durch 
Laparotomie fixirt, Centralbl. f. Chir. 15:426, 1888. 

62. Mauclaire: Lobe marginal prérénal du foie, Bull. Soc. anat. de Paris 69: 
960, 1894. 

63. Langenbuch: Vorstellung eines Falles von Fixirung eines Schniir- 
lappens der Leber, Berl. klin. Wchnschr. 28:68 (Jan.) 1891. 


64. McPhedran, Alexander: Tongue-Like Accessory Lobes of the Liver, 
Canad. Pract. 21:401, 1896. 
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RIEDEL’S LOBE 
Finney says: 


In 1888, Riedel of Jena first directed the attention of the profession to a 
rather curious anomaly of the liver in the shape of a tongue of liver substance 
projecting, at times, well below the costal border, to which process he gave the 
name of a tongue or lappet. Since that time it has been commonly known as 
“Riedel’s lappet” or “Riedel’s lobe.” 
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Fig. 11—A Riedel’s lobe that extended downward to within 1.5 cm. of the 
right anterior superior spine. Firmly fixed to Riedel’s lobe is the hepatic flexure 
of the colon drawn up and kinked, as indicated by the arrows. The colon 
was firmly adherent to the under surface of Riedel’s lobe throughout the lobe’s 
entire length, as seen in Figure 12. There is a good deal of lengthening of 
the mesocolon. The galJibladder is normal. There are adhesions passing from 
the duodenum to the under surface of the liver and gallbladder. 
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In his original article, he reports two typical cases. He then goes on to a 
discussion of the probable causes of this condition: congenital deformity, tight 
lacing, a pushing down of this portion of the liver by an enlarging gallbladder, 
and a dragging down of the liver substance by adhesions to the anterior 
abdominal wall, or an enlarging echinococcus cyst. To this list may be added 
the drag of adherent prolapsed intestine or other abdominal viscus, and the 
presence of growths of various kinds which have their origin in or attached 
to the margin of the liver. Riedel calls attention to the fact that it is much 
more common in women than in men, Likewise, gallstones are more common 
in women than in men, which may account for the difference. 

He described the condition as a long, finger-like process of the liver extend- 
ing at times several inches below the costal margin to which, usually but not 
always, the gallbladder is attached. There seems to be no evidence of any 
pathologic condition in the tongue itselfi—simply a deformity. He calls atten- 
tion also to the fact that after the evacuation of the distended gallbladder this 
lobe has a tendency to diminish in size rather rapidly; after a few weeks it 
becomes noticeably smaller, and after a few months it quite disappears. These 
interesting observations by Riedel have been abundantly confirmed by a wider 
experience of many surgeons, and very little can be added to Riedel’s original 
statement. 

That this condition of the liver may be due in some cases to tight lacing 
is unquestioned; many such cases have been placed on record in the literature. 
That the principal cause is an enlarging gallbladder will be generally admitted, 
and that adhesions from preceding inflammatory conditions play an important 
part there is abundant evidence to prove. The report of the interesting case 
appended is a case in point. One sees now and then a case in which the tongue 
of liver substance has become so attenuated that it has become almost separated 
from the main body of the liver. I have seen a few such cases. There seems 
to be no special significance in the condition; it is simply another instance of 
the pliability of the various structures of the human body and the ultimate 
result of mechanical action over long periods of time. 

M. B. D. C., aged 51, was admitted to the Johns Hopkins Hospital, Jan. 19, 
1925. As a child the patient had had frequent attacks of indigestion and was 
said to have “a weak stomach.” In recent years, her indigestion had become 
more marked, and riding over rough roads had been followed by nausea, 
vomiting and violent headaches. During the six months before operation, 
a ride of a few miles on a train or in an automobile had frequently produced 
the same train of symptoms. 

An operation was performed, Jan. 20, 1925. A right rectus incision was 
made. The right lobe of the liver was found to be markedly elongated and to 
extend downward to within 1.5 cm. of the right anterior superior spine. To its 
lower end the hepatic flexure of the colon was firmly adherent for a 
distance of about 3 cm. from right to left, and was markedly kinked (Fig. 11). 
After freeing the edge of the liver, it was found that the colon was adherent 
to the under surface of the lobe from tip to base (Fig. 12). The bowel was 
liberated without much difficulty and the few bleeding areas on the under 
surface of the liver were readily checked. 

The duodenum was definitely constricted by adhesions passing from its 
median side to the under surface of the liver. This pressure on the duodenum 
undoubtedly accounted for some of the symptoms. 

The appendix was 6 inches (15.2 cm.) long. Its proximal two-thirds were 
embedded in adhesions; its distal third was firm and stood up like a finger. 
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At operation, I found greyish areas in the liver substance of the elongated 
lobe. It is quite possible that these may have been caused by the continued 
traction exerted by the colon. 


Finney, after considering the clinical history together with the 
findings at operation, felt that the elongated lobe might possibly have 














Fig. 12—Under surface of Riedel’s lobe to which the kinked colon was 
adherent. The general arrangement as noted when the abdomen was opened is 
given in Figures 11 and 13. The colon was firmly adherent to the under 
surface of Riedel’s lobe from its tip to its base. The adhesions between the 
liver and duodenum are here clearly seen. 


been produced as a result of the old appendicitis. If that were so, the 
periappendiceal inflammation had extended to the hepatic flexure of the 
colon causing it to become adherent to the lower edge of the liver. 
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With the continued traction of the frequently distended and partly 
obstructed bowel, this portion of the liver had become attenuated and 
drawn down. This would account for the greyish areas of scar tissue 
noted on the surface of the elongated lobe. The picture found at opera- 
tion supported very strongly this view. The patient did not wear corsets. 

In Figure 14, Taruffi has given us a most interesting picture. Here 
we see a large rounded mass of liver tissue and two smaller ones 


}, 
yy 
ma Terminal ileum 


we 


ia 


Fig. 13—Schematic representation of the abdominal viscera in their relation 
to Riedel’s lobe and the adherent kinked colon (Figs. 11 and 12). 


attached to the lower margin of the right lobe of the liver by fibrous 
tissue. Vessels passed from these nodules to the liver proper. One 
can easily imagine that at one time there was a Riedel’s lobe here and 
that, in due course, it had gradually become separated from the liver. 
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Fig. 14—Lobules of liver tissue connected with lower end of right lobe by 
a fibrous band. Hanging from the lower end of the fibrous band is an almost 
spherical piece of liver tissue; just above and to the outer side of it are two 
smaller and also rounded pieces of liver tissue. The gallbladder stands out 
sharply; it projects well below the edge of the liver. (Redrawn by Max 
Brédel after C. Taruffi: Due rare alterazioni di fegato, Mem. della Accad. delle 
scienze dell instituto di Bologna, 1880, Serie 4, 1:167, Tab. 2, Fig. 1.) 
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B. LIVER NOT MODIFIED IN FORM BUT DISPLACED 
Jacquemet ® says: 


The division which I make here is not simply theoretical but is based on two 
autopsies, one by Wasiliew, the other by Gontermann. In the first case there 
was a hepatic meso to a liver which showed no anomaly in form. In the second 
case the liver was likewise normal and resting at the pubes. This infant, who 
was | year old, presented the syndrome of a hepatoptosis. 


ANOMALIES OF THE LIVER IN ABNORMAL SUBJECTS 


Jacquemet,® in his Chapter 3, takes up anomalies of the liver and of 
the biliary passages in abnormal subjects. In again referring to the 
constancy of the liver, he says: 


One never encounteres a double liver save in double monsters, and even in 
subjects in which there is much embryonic upsetting, the liver is invariably 
present and stable. 


In Chapter 5, Jacquemet speaks of abnormalities of the liver and of 
the biliary passages, and considers them from the point of view of their 
pathology. He says: 


There are a certain number of anomalies of the liver and of the biliary 
passages which are not accompanied by any trouble in the physiological func- 
tioning of the organ. On the other hand, there exist other anomalies which 
are incompatible with normal life. Between these two extremes there are 
anomalies which, without producing a marked change in the physiological 
function, are, nevertheless, the source of permanent trouble and sometimes 
of constant danger. The thoracic displacement of a part of the liver, while 
not necessarily fatal, nevertheless constitutes a serious anomaly. 


Jacquemet mentions a case reported by Lacchi, in which a patient 
with such an anomaly lived to the age of 58. 

In order that the reader may get a comprehensive idea of weaknesses 
or defects in the diaphragm, I would refer him to the excellent article 
on eventration of the diaphragm by Bayne-Jones,® published in 1916, to 
that by Latta ** on congenital deficiency of the diaphragm, appearing in 
1922, and to the article by Cutler and Cooper * which appeared in the 
ARCHIVES OF SURGERY (March, 1924). 

Latta,®* in referring to the compiled cases, says : 

It was obvious that these misplaced viscera represent a spurious hernia due 
to an arrest in development of the left side of the diaphragm rather than a true 


hernia due to a lack of diaphragmatic muscular tonus or development, for these 
viscera were not enclosed in a hernial sac, but lay free in the left pleural cavity. 


65. Bayne-Jones, Stanhope: Eventration of the Diaphragm, Arch. Int. Med. 
17:221 (Feb.) 1916. 

66. Latta, J. S.: Congenital Deficiency of the Diaphragm, Am. J. Dis. 
Child. 24:297 (Oct.) 1922. 

67. Cutler, Elliott C., and Cooper, H. S. F.: Congenital Deficiency of the 
Diaphragm, Arch. Surg. 8:506 (March) 1924. 
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On reviewing the available literature concerning the subject of congenital 
diaphragmatic hernia, it was discovered that the spurious type occurs most 
frequently. References have been found in this literature to 127 cases which 
could definitely be classified as spurious, due to defective diaphragmatic forma- 
tion. The greater percentage of these deficiencies were found to occur on the 
left side, seventeen only being right-sided and the remaining 110 left-sided. 

No authenticated cases of complete lack of the diaphragm were found, 
although one such case was mentioned as having occurred (Bowditch). 

In the case of deficiencies on the right side, they were, in practically all 
cases, relatively small, admitting only a slight displacement of abdominal viscera 
into the thorax, usually a small portion of the right lobe of the liver. 

The prognosis in all cases of congenital deficiencies of the diaphragm is 
bad. In 112 of the 127 cases reviewed, the age at the time of death was given. 


Eighty-eight of the infants were either stillborn or died within an hour 
or two after birth. 


Latta refers to a number of patients who lived from three to 
seventy vears. He says: 


In many of these instances, especially those in which death did not occur 
until adult life, the diaphragmatic insufficiency was unrelated to the cause of 
death, the subjects apparently suffering no inconvenience from this lack. 


I shall here record only a few of the earlier cases. These give a 
clear idea of how portions of the liver may migrate to the pleural cav- 
ity when defects in the diaphragm exist. 


REPORT OF CASES WITH PORTIONS OF THE LIVER IN THE 
PLEURAL CAVITY 


1828, Saint-Ange,” cited by Jacquemet: A fetus at term. The stomach, 
small intestines and a portion of the right lobe of the liver passed into 
the thorax. The abnormal aperture in the diaphragm was rounded in 
form and situated on the right. 


1854, Houel:” All the right portion of the diaphragm was lacking. The 
other half was present with the heart situated in its normal position, but 
beneath this there was the liver which was on the left side. Here there 
was not a transposition of the viscera because the gallbladder was 
situated on the right in its normal position, corresponding to the flexure 
of the colon. It appeared that the liver had been transposed from right 
to left by the pressure produced as a result of the absence of the 
diaphragm on the right side. (I have recorded this case here to show 
what effect a partial absence of the diaphragm may have on the liver.) 

1863, Bouchaud: Absence of the right half of the diaphragm; anomaly 
of the liver. The child was born before term. The diaphragm was lack- 


68. Saint-Ange, Martin, citcd by Jacquemet: J. clin. des difformités, 1828, 
No. 3, p. 236. 


69. Houel: Un foetus monstrueux, Bull. Soc. anat. de Paris 29:13, 1854. 


70. Bouchaud: Absence de la moitié droite du diaphragme, Bull. Soc. anat. 
de Paris 38:344, 1863. 
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ing in nearly half of its extent. The abdominal cavity communicated 
with the right half of the thoracic cavity by a large orifice. The liver, 
modified in its direction, was partly in the abdomen and partly in the 
chest. The ascending colon, the transverse colon and a large part of 
the small intestine also were contained in the thoracic cavity. The right 
lung was markedly compressed and presented a rudimentary condition. 

1872, Pozzi:" Fetus at term. The abdominal portion of the liver had the 
form of a half ovoid. The upper surface was convex; the under surface 
was lying on the vertebral column. The abdominal portion of the liver 
was separated from the thoracic portion by a deep furrow. 

1881, Polaillon:” An infant at term. The lateral half of the left side of the 
diaphragm did not exist. The greater portion of the small intestine, 
a part of the large intestine, and half of the liver were situated in the 
left pleural cavity. The heart was pushed to the right. 

1882, Lacchi,” cited by Jacquemet: The patient was a man of 58. In the 
right diaphragm was an opening 10 cm. in diameter. The liver, a 
small portion of the stomach and 60 cm. of the large intestine had passed 
through the opening into the right pleural cavity. Old adhesions existed 
between the pleura and the colon. 

1885, Chevalier: Under the title, “Anomaly of the Liver in a Fetus,” 
Chevalier reported a case in which he found part of the liver in the right 
side of the chest. There was much abdominal ascites. 

1886, Potocki: A fetus of 7% months. The diaphragm was lacking almost 
completely on the right. On the left there was, behind and externally, 
an orifice that allowed the spleen to pass entirely into the thorax. Neither 
the heart nor the large vessels offered anything of particular interest. 
The liver consisted of two parts well separated by a deep furrow into 
which penetrated the rudiments of the right diaphragm. One part of 
the liver was in the abdomen, the other in the thorax. 

1896, Jacquemet:* Observation 39. Congenital right hernia of the diaphragm. 
Part of the liver was in the thorax. There was an aberrant pulmonary 
lobe in the abdomen. This was from a female fetus of 5 months. On 
opening the abdominal cavity, one found a loss of substance in the right 
diaphragm. Part of the liver had passed into the thoracic cavity and 
occupied the posterior and inferior portion. The thoracic portion of the 
liver was in contact with the lung and with the pericardium. 

1896, Hudelo and Prioleau:“ A man, aged 33. All the left half of the 
diaphragm was replaced by a falciform orifice, the margins of which 
were smooth and regular and pearly in appearance. The concavity was 


71. Pozzi, S.: Hernie diaphragmatique gauche, Bull. Soc. anat. de Paris 
47:90, 1872. 

72. Polaillon: Sur l’absence congénitale d’une portion du diaphragme, 
Union méd. 32:73, 1881. 

73. Lacchi, cited by Jacquemet: Florence, 1882, p. 95. 

74. Chevalier: Anomalie du foie chez un foetus, Bull. Soc. anat. et physiol. 
de Bordeaux 6:138, 1885. 

75. Potocki, J.: Hernies diaphragmatiques congénitales par arrét de 
développement du diaphragme, Bull. Soc. anat. de Paris 61:290, 1886. 

76. Hudelo and Prioleau: WHernie diaphragmatique congénitale chez wun 
homme de 33 ans, Bull. Soc. anat. de Paris 61:678, 1886. 
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directed posteriorly in the form of a crescent. The left half of the 
thoracic cavity contained the spleen, the stomach and omentum, the 
duodenum, a large part of the small intestine, the transverse colon, two- 
thirds of the ascending colon, the pancreas and the left extremity of the 
liver. 


1879, Broomall:™ New-born child. Congenital left diaphragmatic hernia. 
In the left thoracic cavity were the spleen, the pancreas, the stomach, all 
the intestines save a loop of duodenum, the ascending colon and the 
rectum. The liver was flattened out in such a fashion as to occupy 
nearly the entire abdominal cavity. The left portion of the diaphragm 
was lacking with the exception of a rim 2 cm. broad attached to the 
inferior margin and lateral wall of the thoracic cavity. This case is 
recorded here to show the effect produced on the liver by a defect in the 
diaphragm and an escape of a large part of the abdominal contents into 
the thoracic cavity. 

1886, Potocki: A 7-month fetus. The diaphragm presented an orifice the 
size of a two franc piece situated on the left side. In the thorax, half 
of the spleen, a portion of the large intestine and nearly all the small 
intestine were found. The liver did not present anything particular except 
a bizarre insertion of the umbilical veins. (This case is an example of 
the group of cases in which the liver remains in its normal position not- 
withstanding the defect in the diaphragm.) 


Guinard, who was Sanitary Inspector at the abattoir in Dijon in 
1888, observed several instances in which there were defects in the 
diaphragm in cows, and in which portions of the liver had passed to 
the pleural cavity. 

Guinard,”® in his paper of 1889, says: 


Last year I saw two cases in cattle where supplementary liver lobes were 
lodged in the pleural cavity and were connected with the rest of the organ by 
a pedicle passing through the diaphragm. 

The more interesting case is as follows: The cow was in excellent condition. 
On the anterior surface of the liver, about 14 cm. from the base, was an intra- 
thoracic lobule. This lobule was ovoid, flattened, and measured at its largest 
point 21 by 12 cm. At its base, at the insertion of the pedicle, it was 3.5 cm. in 
diameter. The lobule lay in the thoracic cavity against the anterior surface 
of the diaphragm and was enveloped by the lung. 

This lobule, as mentioned, was attached to the liver by a pedicle, very short 
and 3.5 cm. in diameter. The opening in the diaphragm was exactly the size 
of that of the pedicle. The pedicle established a complete communication 
between the accessory lobe and the liver proper. It contained the vessels and 
the bile ducts. The liver tissue of the accessory lobe was normal. 


In the second cow the accessory lobe was smaller. 


77. Broomall, A. E.: A Case of Congenital Diaphragmatic Hernia, Am. 
J. Obst. 12:537, 1879. 


78. Potocki, J,: Vices de conformation multiples chez un foetus, Bull. Soc. 
anat. de Paris 61:344, 1886. 


79. Guinard, L.: Lobes supplémentaires du foie logés dans la cavité 
thoracique, J. de méd. vét. et de zootech. 14:364, 1889. 
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Guinard,®® in 1890, reported a third case. 


The specimen was sent to him by a veterinarian named Boulland. An 
accessory lobe of the liver was lying in the thoracic cavity of a cow. 

A little to the right of the median line of the center of the diaphragm were 
two orifices about 3.5 cm. apart. The larger opening measured 9 cm. in its 
greatest diameter. The smaller was ovoid, 1.5 by 4.2 cm. Lobes of the liver had 


herniated through these openings. The larger lobe weighed 950 gm.; the 
smaller was the size of a hen’s egg. 


Koontz ** has told me that he has observed two interesting liver 
conditions in dogs. Oct. 10, 1924, he wrote: 


During the last two years, I have examined two dogs at necropsy, in which 
there was an elliptical opening in the diaphragm just large enough to allow 
the passage of a hen’s egg. In one about one-half the liver lay in the pleural 
cavity with the constricted portion passing through the opening in the 
diaphragm. The other case was similar, but a smaller part of the liver lay in 
the pleural cavity. 

In the first case, the dog was deeply jaundiced, the sclera and all the tissues 
being deeply bile stained, owing to a constriction of the bile duct of the thoracic 
half of the liver by the opening in the diaphragm. 


A PORTION OF THE LIVER IN AN AMNIOTIC HERNIA 


Occasionally at birth there is a defect in the abdominal wall around 
the cord. Sometimes this defect is small; occasionally it is widespread. 


When it exists, the abdominal contents are covered merely by peritoneum 
and amnion. 


With the struggling of the child, the abdominal contents are forced 
out until fully half of them are lying in a hernial sac on the anterior 
abdominal wall. A portion of the liver may be included in this 
protrusion. 


In such a case, Dr. S. E. Sanderson of Detroit had to resect half the 
liver before he could close the opening. This condition is, of course, 
encountered only at birth. I** have discussed it at length in 
another place. 


ACCESSORY LOBE OF LIVER SPRINGING FROM SURFACE 
OF GALLBLADDER 


An accessory lobe of the liver springing from the surface of the 
gallbladder is a most unusual condition. Gruber, in 1849, found a 


0. Guinard, L.: Note sur le développement du diaphragme: A propos 
d’une anomalie observée chez des animaux de l’espéce bovine, J. de méd. vét. 
et de zootech, 15:472, 1890. 

81. Koontz, A. R.: Personal communication to the author, Oct. 16, 1924. 


82. Cullen, T. S.: The Umbilicus and Its Diseases, Philadelphia, W. B. 
Saunders Company, 1916, p. 462. 
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piece of liver tissue attached crosswise to two vessels in the posterior 
part of the umbilical fossa in a woman. This small piece of liver was 
10” broad, 6’ from back to back. The two vessels to which the 
accessory lobe was attached emanated from the liver—one from the 
quadrate lobe, the other from the left lobe. By these two vessels, the 
accessory liver hung beneath the umbilical fossa. In this case, the lower 
portion of the gallbladder was covered by a piece of liver substance 
1 inch long (2.5 cm.) and one-half inch (1.2 cm.) wide. This was 
connected by a narrow zone of liver tissue with the quadrate lobe. 


Moore,** in 1882, found a lobule somewhat smaller than a hazelnut 
attached to the inferior wall of the gallbladder. It was connected with 
the rest of the liver substance by a long pedicle of fibrous tissue devoid 
of liver cells. Its own structure seemed perfectly healthy. 


Tarenetzki,*® in 1883, recorded a case of a man, 70 years of age, in 
whom the left lobe of the liver was missing. The liver resembled a 
half ball in shape. There were several small accessory livers, two near 
the gallbladder and two far back on the under surface of the liver. All 
were connected with the liver by pedicles. In speaking of the two near 
the gallbladder, he says: “Die zweite Leber sitzt am Halse der Gallen- 
blase, an derjenigen Stelle wo die Art. cystica an dieselbe herantritt und 
ist nur 1.2 cm. lang, 0.5 cm. breit (the second liver was on the neck of 
the gallbladder at the point where the cystic artery reached it. The 
nodule was 1.2 cm. long, 0.5 cm. broad).” 


In the cases of Gruber, Moore and Tarenetzki, the liver nodule on 
the gallbladder was connected with the liver by a pedicle. 


There appear to be only three cases on record in which the nodule 
has not been connected with the liver by a pedicle, Henle’s,** Corsy’s,*® 
and my own case.*® 


Henle ** says: 


In one of our museum specimens there was an accessory liver in the form 
of a small three-sided prismatic cord about 1 inch (2.5 cm.) long, situated on 
the left side of the gallbladder and connected with it by a reduplication of 
peritoneum. Its duct passed from the posterior point of the nodule and joined 
with the right branch of the hepatic duct. 


As the exact condition in this case has been overlooked in the past, 
I give his description in his own words: 


83. Moore, Norman: A Rare Variety in Lobulation of the Liver, Tr. Path. 
Soc. London 33:192, 1882. 

84. Henle, J.: Anatomie des Menschen, Braunschweig 2:191, 1866. 

85. Corsy, Frédéric: Lobe surnuméraire du foie implanté sur la face 
inférieure de la vésicule biliaire, Compt. rend. Soc. de biol. 86:695, 1922. 

86. Cullen, T. S.: Large Carcinomatous Tumor of the Liver, J. A. M. A. 
44:1239 (April 22) 1905. 
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In einem in unserer Sammlung aufbewahrten Falle fand sich eine Nebenleber 
in Gestalt eines schmalen dreiseitig prismatischen Streifens von etwa 1” Lange 
auf der linken Seite der Gallenblase, mit der letzteren mittelst einer Duplicatur 
des Peritoneum verbunden. Ihr Ausfiihrungsgang trat an der hinteren Spitze 
aus und vereinigte sich mit dem rechten Aste des Ductus hepaticus. 


Corsy,** of Marseilles, in 1922, recorded a most interesting case in 
which a small supernumerary liver sprang from the surface of the 
gallbladder. It was discovered in the dissecting room. The liver on 
its upper surface appeared normal save for two fissures. Attached to 
the median portion of the gallbladder was a piece of liver tissue 
(Fig. 15, I, b), 1.7 by 1 by 0.4 cm. thick. This had the same appearance, 
coloration and consistency as the liver proper, and was attached to the 


Gallbladder 


Fig. 15.—Accessory lobe of the liver springing from undersurface of gall- 
bladder. This is probably the first picture of such a condition; it appeared 
in the Marseille médical 59:442, 1922. I, b, a small accessory lobe attached to 
surface of gallbladder. Passing from the quadrate lobe to the gallbladder is a 
V or crochet-shaped piece of liver tissue, a. It is definitely separated from the 
accessory lobe. II, accessory lobe projecting from gallbladder. It is attached 
by a definite mesentery. III, accessory lobe viewed from the left side. IV, peri- 
toneum, f, of gallbladder has been dissected free and reflected to the side; a, the 
V-shaped piece of liver tissue passing from the quadrate lobe to the gallbladder ; 
b, the accessory lobe. Passing from the accessory lobe, b, to the V-shaped 
piece of liver tissue, a, are: c, the arteriole, d, the vein, and ¢, the biliary duct; 
all undoubtedly in this way reached the liver proper; g is the musculature of 
the gallbladder. This picture has been redrawn by Max Brdédel and turned 
upside down in order that its relations might be compared with our case. 
(After Frederic Corsy.) 
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surface of the gallbladder by a narrow mesentery. Passing from the 
quadrate lobe to the gallbladder was a crochet-like piece of liver tissue 
(Fig. 15, I, a). The narrow pedicle of the accessory lobe measured 
9 by 3 mm. The peritoneal covering was continuous with that of 
the gallbladder without transition. A groove, 3 mm. wide and 10 mm. 
long, separated the band of liver tissue, stretching over from the quadrate 
lobe to the gallbladder, from the supernumerary lobe. The wall of the 
gallbladder appeared to be normal, but there was a whitish, slightly 


raised line diagonally traversing the groove and uniting the two hepatic 
formations. 


Corsy says: “It was easy for us to separate the peritoneum of the 
gallbladder from the musculomucosa layer.” We have represented this 
dissection in Figure 15, IV. : 


Connecting the extremity of the tongue (@) with the lobe (b) are 
two vessels: the more superficial (e), whitish in color, is the biliary 
duct ; the other is the vein; ¢c is the small artery that is a branch of the 
vessel supplying the gallbladder. 


Figure 16 is a most interesting specimen that Max Brodel recently 
ran across in the dissecting room. 


Blended with the quadrate lobe and also with the left side of the 
gallbladder was a somewhat tongue-shaped accessory hepatic lobe. As 
seen in the illustration, nearly half this extra lobe projected free from 
the gallbladder. The specimen will later be studied in more detail. 


ACCESSORY LOBE OF LIVER SPRINGING FROM SURFACE 
OF GALLBLADDER 


AUTHOR’S CASE 


Case 1—Mrs. R. F., a woman, aged 33, was referred by Dr. William C. 
Johnson of Frederick to Dr. Thomas B. Flutcher and to me, April 20, 1922, 

In 1919, she had had influenza with pneumonia and was in bed seven weeks. 
Following this illness, she developed a cardiac condition and was in the 
Church Home and Infirmary for three weeks. Since November, 1921, she had 
noticed some abdominal enlargement. 

When I saw her, she was weli nourished and weighed 118 pounds (53.5 kg.). 
She was troubled a good deal with gas after eating; there was some soreness 
in the appendix region, and the lower abdomen and pelvis were filled by a 
myomatous uterus. 

Dr. Futcher’s impressions, after a very thorough examination, were as 
follows: The patient said that she had been in the Church Home and Infirmary 
under Dr. Bay’s care two years before for thyroid trouble. There was some 
evidence of possible thyroid activity: some of the finer eye signs, a slightly 
fibrillary tremor and pulse of 92. But the contraindications of hyperthyroidism 
were the absence of enlargement of the thyroid and of elevation of temperature, 
and the fact that she had hypotension, the systolic blood pressure being 104. 
All these might be symptoms of a functional nervous disturbance. 

She had diabetes mellitus; there was 2.5 per cent. of sugar in the sample 
specimen of urine, which had a specific gravity of 1.032. The diabetes, in a 
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measure, probably accounted for the patient's lassitude and for the rather 
striking loss of weight. 

She had a good deal of indigestion, probably of nervous origin, but a 
duodenal ulcer had to be considered, and a test meal and gastro-intestinal 
roentgen-ray examination were considered advisable to exclude ulcer. 

An operation was not considered advisable by Dr. Futcher until the patient 
had been in the hospital for a number of days and on a diet that would eliminate 
all hyperglycemia and glycosuria. 

An exclusive fat, protein, 5 per cent. green vegetable diet was prescribed 
She remained under Dr. Futcher’s care until the middle of May, at which time 
the sugar had disappeared completely. 
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Fig. 16.—Accessory lobe springing from quadrate lobe and intimately 
blended with left surface of gallbladder. This specimen was found in the 
dissecting room. The body was that of a colored woman, aged 55. The liver 
showed a slight tendency to lobulation, as noted in the two fissures on the under 
surface of the left lobe. The accessory lobe was rather flat and somewhat 
triangular and had rounded edges. In over half its extent it was intimately 
connected with the gallbladder and liver, as shown in the sketch in the upper 
left corner of the picture. The lower half of the accessory lobe was free. A 
triangular peritoneal fold passed from the lower border of the lobe to the 
gallbladder. There were adhesions from the stomach to the liver and from the 
duodenum to the gallbladder. 
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An operation was performed, May 18, 1922. We made a median incision, 
exposed a myomatous uterus which was rather difficult of approach and per- 
formed a supravaginal hysterectomy, removing a saddle-bag myomatous uterus 
and saving both tubes and ovaries. The appendix was somewhat enlarged. It 
was removed. The patient made a perfectly satisfactory recovery. 

She returned in February, 1923, with a history of having had jaundice, and 
I was to operate for gallbladder trouble a few days later but for personal 
reasons the operation was deferred. 

The patient returned a year later, giving a history of having been jaundiced 
two weeks before. Feb. 26, 1°24, we made a right rectus incision and found 
the stomach normal. There were adhesions between the lower part of the gall- 
bladder and the duodenum. These were loosened. The gallbladder contained 
no stones, and its upper part was entirely devoid of adhesions. 














Fig. 17.—Accessory lobe of liver springing from surface of. gallbladder 
(actual size). The undersurface of the liver is shown. The gallbladder looks 
normal but at operation in its lower portion it was found loosely attached to 
the duodenum. Attached to the gallbladder by a short mesentery is a miniature 
liver. It was lifted up, the pedicle was tied with a catgut ligature, and removed. 
It measured 12 by 7 by 3.5 mm. in its central portion; a shows the smooth 
surface of the accessory liver, b its under surface. Traversing the pedicle were 
a branch of the hepatic artery, a branch of the hepatic vein, a branch of the 
portal vein, and a branch of the hepatic duct. The pedicle at the level seen in 
the picture shows a longitudinal section of what appears to be a branch of the 
portal vein. A reconstruction of this accessory lobe is shown in Figure 18, the 
histologic appearance in Figures 19 and 20. 


On the undersurface of the gallbladder, about 3 cm. from the edge of the- 
liver, was a small flat nodule, 12 by 7 by 3.5 mm. (Fig. 17). It had sharp edges, 
had the color and consistency of the liver, and was attached to the gallbladder 
by a small meseritery. We drew up this small mass, tied the pedicle with one 
catgut ligature, and removed the small lobe. It was perfectly clear that we 
were dealing with a small accessory liver, free from adhesions and well removed 
from the liver proper. On the under surface of the liver were two or three 
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small lobules varying from 1 to 2 cm. in diameter, but still partially connected 
with the liver proper. They appeared to come from the undersurface of the 
right lobe. 


The patient had an uneventful convalescence. November 10, I was informed 
that the patient had had no further jaundice, that she was free from sugar, and 
that she felt perfectly well. 


DESCRIPTION OF THE ACCESSORY LIVER 


BY MAX BRODEL 

In order to understand the arrangement of the network of channels 
traversing this accessory structure, it was made the subject of closer 
study. Figure 18 is the result of a graphic reconstruction based on serial 
sections drawn, with the aid of the camera lucida, in color on transparent 
paper, under a magnification of 28 diameters. The portal vein was 
drawn purple, the hepatic artery red, the bile duct green, Glisson’s cap- 
sule grey and the hepatic vein blue. These colored drawings were 
superimposed and studied under strong transmitted light. 

In this way, it was found that the specimen contained all the essential 
major structures of liver tissue normally grouped in their mutual rela- 
tionship. There was a large portal vein coursing along the hilum. This 
gave rise to five slightly diverging, radiating branches traversing the 
accessory liver in fairly regular intervals. Although in the specimen, as 
obtained at operation, only the roof of this vein was present (Fig. 17, D), 
in the drawing it is shown closed below. The hepatic artery and bile duct 
are seen accompanying the portal vein and dividing with its branches 
throughout their entire course to the periphery of the liver lobules 
(Fig. 18). 

The main bile duct at the hilum was unusually large and tortuous. 
The hepatic lobules were of approximately average size, varying from 
1 to 2 mmi. in diameter. The lobules were bordered by well marked 
portal spaces, each containing an intralobular branch of the portal vein, 
a twig of the hepatic artery and a bile duct, surrounded by a well 
developed Glisson’s capsule. Some of these portal spaces were of 
unusually large size for such small structures. 


The vena centralis of most hepatic lobules has a tendency to run at 
right angles to the surface of the little organ and to drain into larger 
peripheral veins running close to the peritoneal surface. There is a 
large collecting vein on each side of the organ, the two uniting into a 
short common trunk near the hilum. With the latter exception, the 
course of the hepatic vein corresponds to the type found in the 
ordinary liver. 

The specimen was an accidental find at operation, which made it 
impossible to determine the relation of the vascular structures to the 
vessels of the gallbladder and liver, and of the little bile duct to the 
main biliary passages. 
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Microscopic Appearance (Figs. 19 and 20).—The liver cells were 
large and presented a peculiar, vacuolated and granular appearance. 
Large vacuoles in places crowded the nucleus into the peripheral posi- 
tion, even changing the spherical contour to a crescent. This vacuoliza- 
tion was not due to fat. Scharlach r and Nile blue sulphate stains were 
negative. 





Fig. 19.—Microscopic section of accessory liver (magnified 240 times), 
showing arrangement of columns of liver cells in region of “nodal points.” ” 


87. For a consideration of nodal point reference should be made to Mall, 
F. P.: A Study of the Structural Unit of the Liver, Am. J. Anat. 5:278, 1906. 
While the columns in the nodal points tend to be somewhat convoluted in a 
normal liver, we have never seen them so long and so convoluted as shown 
in this figure; they extend in some places across the entire field. Their 
tortuosity recalls that of the convoluted renal tubules. The long winding 
columns also show a greater tendency to be composed of a single row of liver 
cells than the normal liver does. There is marked vacuolization and pigmenta- 
tion of the individual liver cells. The gross appearance of the accessory liver is 
shown in Figure 17. More detailed characterization of the individual liver cells 
is given in Figure 20. 
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The liver cells, especially around the vena centralis but elsewhere 
also, contained a liberal amount of yellowish brown pigment, the nature 
of which could not be determined, except that it was found not to be iron. 

The capillary network showed normal endothelial lining. The 
Kupffer cells were greatly decreased in number, but typical ones could 
be found. 

Whether or not the main liver showed similar characteristics could 
not be determined. 

In a normal organ, the columns of liver cells are relatively short and 
straight, or only slightly curved. Each column consists of two rows 
of liver cells with bile capillaries between them. This accessory liver 
showed, in many places, columns of unusual length and tortuosity, as 
complex as the convoluted tubules in a kidney. The winding columns 
often stretch across the entire field in a high power picture and then 
double back into the field again. There also was a tendency to the 
formation of single rows of liver cells, instead of .double, an arrange- 
ment that leaves no room for the path of the bile capillaries. 











Fig. 20—Vacuolated and pigmented liver cells from accessory liver (500 
diameters). The vacuoles vary markedly in size and number, the larger ones 
leaving their imprint on the nucleus. These are vacuoles, not fat. The pigment 
is yellowish brown and does not contain iron; a, a capillary in longitudinal 
section; a’, in cross section; b, an endothelial cell; 6’ a Kupffer cell (gross 
appearance is given in Figure 17). 


CLINICAL MANIFESTATIONS ASSOCIATED WITH ABNORMALITIES 
OF LIVER 

Congenital malformations of the liver naturally are of little clinical 
import. In rare instances, an amniotic hernia exists at birth and contains 
a portion of the liver, and the hepatic tissue can readily be seen through 
the thin transparent hernial sac. 

In many of the cases in which portions of the liver were noted in the 
pleural cavity, the child was stillborn or died shortly after birth. Of 
those who survive, some present definite signs of diaphragmatic hernia 
in later vears. 
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Accessory lobes are, as a rule, discovered only at operation or in the 
laboratory. In Inglis’ case, however, the nodule was felt during life. 
His patient, a woman aged 75, had a palpable tumor the size of a crown 
piece ** in the upper part of the abdomen, to the left of the median line, 
and in the region of the celiac axis artery. It seemed to be both expan- 
sile and pulsatile; pressure occasioned no pain, and manipulation caused 
no discomfort. The patient soon died of cardiovascular disease, and at 
necropsy the palpable tumor was found to be an accessory liver. 

A marked elongation of the right lobe, a Riedel’s lobe, is the most 
frequent abnormality of the liver. Usually. it occasions no discomfort 
whatever ; when it gives rise to pain and the pain is severe, operative 
measures may become necessary. 

Sometimes a tumor mass in the right side of the upper part of the 
abdomen may be due to an elongated right lobe of the liver associated 
with a loose right kidney. I have such a patient in the hospital at 
present. 

Many years ago, we had a patient in the Gynecological Department 
of the Johns Hopkins Hospital whose condition seemed to be obscure. 
There was a definite tumor in the right upper quadrant. The patient 
had indigestion and some elevation of temperature. The urine was 
normal. 

A right rectus incision revealed an elongated right lobe of the liver 
and a prolapsed right kidney, a subacutely inflamed appendix lying 
between them. The appendix was removed; the supposed tumor was 
left, but the patient had no further symptoms. 


OPERATIVE TREATMENT FOR ABNORMALITIES OF THE LIVER 


In cases of amniotic hernia in which a portion of the liver is in the 
sac and the abdominal cavity is already so full that all the liver cannot 
be pushed back into the abdomen, it may be necessary to remove a 
portion of the liver, as was done by Dr. S. E. Sanderson ** of Detroit in 
1903. This operation on a young child is, of course, a most hazardous 
procedure, but one has no alternative. If no operation is performed, 
the child will die. 

Accessory hepatic lobes, whether attached to the liver or connected 
by a mesentery, do not require removal. 

In diaphragmatic hernia, as we have already seen, the liver is usually 
only a portion of the hernial content. The operative measures for this 
condition are too well known to need comment here. 

A Riedel’s lobe rarely gives rise to severe symptoms, but may occa- 
sionally require operative intervention, as in Langenbuch’s case. The 


88. A crown piece is about the size of an American silver dollar. 
89. Cullen (Footnotes 79 and 83). 











762 ARCHIVES OF SURGERY 


patient was a woman aged 50. The lower part of the right side of the 
abdomen was occupied by a hard, smooth, movable tumor connected with 
the liver. When the abdomen was opened, it was found that the right 
lobe of the liver descended into the right iliac fossa. It was divided 
into two parts by a bridge consisting of connective tissue. Langenbuch 
sutured this lobe to the abdominal parietes, with satisfactory result. 
Such an operation will, of course, rarely be necessary. 


When reporting the removal of a large carcinomatous tumor of the 
liver, in 1905, I ®* drew attention to the great value of the Kousnietzoff 
liver needles in hepatic surgery. By placing the sutures with this blunt 
needle and then tying them before cutting off the obnoxious piece of 
liver tissue, large areas can be taken away, with little detriment to the 
patient provided the main hepatic vessels are not injured. 


Dr. William A. Fisher sent me the following history of a case. 


STRANGULATION OF AN ACCESSORY RIGHT LOBE OF THE 
LIVER THROUGH TORSION; EXCISION; RECOVERY 


Case 2.—History.—B. S., aged 45, was admitted to the Women’s Hospital, 
March 9, 1913, with a history of two or three attacks similar to the present one 
but milder in character. The present attack had begun three days before with 
very sharp pain in the epigastrium, nausea, vomiting and a feeling of faintness. 
The pain became less acute and more localized in the right side just above the 
crest of the ileum. The night before admission the pain again became severe. 

Examination next morning showed a rather stout, pale woman, with free 
respiratory movements. The abdomen was normal in shape; there was no 
distention and no asymmetry. On palpation, there was no tenderness or 
rigidity, except on the right side, especially just above the crest of the ileum. 
Here there was marked tenderness and muscle spasm. No mass could be felt. 
The temperature was 99.6, the pulse 124. Leukocytes totaled 18,000. A diag- 
nosis of acute appendicitis, probably retrocecal, was made. 


Operation and Result—A McBirney incision was performed. When the 
abdomen was opened, there was a small amount of clear fluid, and on delivering 
the cecum a normal appendix appeared. The ileum was very much scarred by 
transverse bands; some of these were new but for the most part they were 
old and white, giving it a peculiar, corrugated appearance. 

When the finger was introduced into the pelvis, a large mass was felt, and 
it was thought likely that the primary trouble was located here. The McBirney 
incision was then closed and a midline incision made below the umbilicus. The 
mass in the pelvis was found to be a myomatous uterus, the presence of which 
did not account for the symptoms. 

Exploration of the upper part of the abdomen disclosed a mass connected 
with the liver. The incision was enlarged upward. This mass was from 12 to 
15 cm. in diameter, black in color, and consisted of a portion of the right lobe 
of the liver which was attached to the main organ by a fibrous pedicle. The 
mass itself had made one complete revolution on its pedicle, resulting in 
strangulation. It was untwisted, the pedicle ligated, and the mass excised. The 
patient made a good recovery. 
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It was ascertained from the patient afterward that as a young woman she 
had worn very tight corsets so as to have a very small waist. This mass was 
taken to be a corset lobe. 

Pathologic Report—The specimen consisted of an oval mass of liver with 
its pedicle removed from the right lobe of the liver. It measured 6 by 8 by 3 cm. 
and had a pedicle 4 cm. in length. It was of a deep chocolate color and had a 
perfect capsule; was heavy, hard and firm. On section, the liver was of a deeper 
chocolate color, hard and dense, and shoved but little structure. The blood 
vessels were filled with blood. The cut section could not easily be recognized 
as liver tissue, but the torn surface showed liver structure. 

Sections took the stain poorly. There was a good deal of normal liver 
tissue, and a marked increase in the amount of fibrous tissue. The blood 
vessels were large and dilated. There were wide areas of free hemorrhage in 
the liver tissue, also a few lymphoid cells. 


ABERRANT LIVER NODULE ATTACHED TO EDGE OF GASTROHEPATIC 
OMENTUM ALONG ANTERIOR BORDER OF FORAMEN 
OF WINSLOW 


Dr. Henry N. Costello, assistant visiting surgeon of the Hartford 
Hospital and coroner’s physician for Hartford, who was present when 
I discussed accessory lobes of the liver at the meeting of the Hartford 
Medical Society, later wrote: 


I should like to report to you the following case, of what I thought was 
aberrant liver found at necropsy at the New Britain General Hospital, Feb. 23, 
1925, in a young girl, aged 12 years, who died from septicemia, with a primary 
infection in the uterus. When I opened the abdomen, I noticed a tumor 
about the size of a hazelnut attached by a pedicle to that edge of the gastro- 
hepatic omentum that forms the anterior border of the foramen of Winslow. 
This tumor I thought at first was an aberrant spleen as it closely resembled 
spleen. It had a definite pedicle. On section the tumor proved to be liver 
and this conciusion was verified later by microscopic sections. It was my 
opinion at that time that this was a liver lobe absolutely independent of the 
main liver. Because of its close association to the common bile duct, portal 
vein and the hepatic artery, I assumed that it had its individual vessels and 
duct, leading to these structures. 


SUM MARY 


For a thorough study of anomalies of the liver, a knowledge of the 
embryology of this organ is essential. Therefore, I have quoted at length 
from the splendid article of O. Charnock Bradley on this subject and 
have discussed in detail diminution in size in one or more lobes of the 
liver, as well as hypertrophy of one or more lobes. 

Occasionally the liver is markedly furrowed. Examples of this have 
been given. Now and then the liver is markedly lobulated. The more 
pronounced cases have been described. Accessory lobes of the liver 
are either attached to the liver by hepatic tissue or are connected 
with it by a mesentery. When connected by a mesentery, this must, 
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of necessity, contain branches oi four vessels: the portal vein, the 
hepatic vein, the hepatic artery and the bile duct—of necessity, because 
without them these accessory lobes could not possibly function. 

In a few instances, small nodules of hepatic tissue have been found 
in the suspensory ligament. If these have the four cardinal vessels, 
they persist; if not, they disappear soon after birth. In one case, 
hepatic tissue was found embedded in a suprarenal gland. It must have 
been in some way connected with the liver because the liver tissue 
looked normal. 

Elongated right lobes of the liver are not rare. 

When a portion of the diaphragm is lacking, part of the liver may 
be found in the pleural cavity. Sometimes the pleural portion is 
connected with the abdominal portion merely by a narrow pedicle 
of hepatic tissue. 

Occasionally, a portion of the liver is found in an amniotic hernia 
at birth. 

I have considered accessory lobes of the liver springing from the 
gallbladder separately. There are only two cases of this kind on 
record—one briefly mentioned by Henle in 1866 and the other reported 
by Corsy of Marseilles in 1922. My case, just described, makes the 
third. 


Clinical manifestations of liver abnormalities are rare; I have dis- 
cussed those requiring surgical intervention. 

Taken all in all, abnormalities of the liver are exceedingly rare. 
The liver is one of the most stable organs in the body. 























CONGENITAL DEFICIENCY OF THE PERICARDIUM * 


RICHMOND L. MOORE, M.D. 
BOSTON 


Cases of total or partial absence of the pericardium in human beings 
with complete closure of the thoracic wall have been recorded in the 
literature as far back as 1559. In this year, Realdus Columbus? 
described the case of a young student at Rome who died in a state of 
syncope. Absence of the pericardium was noted at necropsy. The 
genuineness of this case, however, was subsequently doubted by some 
writers, who believed that the appearance of an adherent pericardium 
had been mistaken for an absence of this membrane altogether. During 
the next two hundred years, a few cases were reported, but the descrip- 
tions were very imperfect. Doubt of the existence of the defect per- 
sisted, and it was not until 1788, when Baillie * gave a detailed descrip- 
tion of a case, that the existence of the condition was established beyond 
all doubt. Since this report, surprisingly few cases have been recorded, 
and the condition is considered one of the rare congenital anomalies. 
Verse * found a defective pericardium only twice in 13,000 necropsies 
at the Pathological Institute in Leipzig. Canavan,* who recently reported 
a case, saw only one occurrence in 2,000 necropsies. Faber,® in 1878, 
compiled ten cases. Ebstein,® in 1910, compiled thirty-two. At present, 
there are sixty-four cases recorded. The early confusion connected with 
the recognition of a congenital defect, however, plus the incompleteness 
and inaccessibility of some of the reports, makes it impossible to check 
the authenticity of all these cases. Some are merely mentioned ; others 
are briefly or poorly described; and only a few have been described in 
detail. The infrequency of this condition is in sharp contrast to con- 
genital defects in the heart itself. The condition has not been diagnosed 


*From the Laboratory of Surgical Research, Medical School of Harvard 
University. 

1. Columbus, Realdus, cited from Baillie (Footnote 2). 

2. Baillie, Matthew: On the Want of a Pericardium in the Human Body, 
Tr. Soc. Improvement Med. and Chir. Knowledge, London, 1:91, 1793. 

3. Verse: Fall von kongenitalem Defekt des Herzbeutels, Miinchen. med. 
Wehnschr. 56:2665-2666, 1909. 

4. Canavan, M.: An Adult Heart with a Deficient Pericardium, J. A. M. A. 
82:716 (March 1) 1924. 

5. Faber, C.: Ueber den angebornen Mangel des Herzbeutels in anatom- 
ischer, entwicklungsgeschichtlicher und Klinischer Beziehung, Virchows Arch. 
f. path. Anat. 74:173, 1878. 

6. Ebstein, E.: Bemerkungen zur Klinik der Herzbeuteldefekte, Miinchen. 
med, Wchnschr. 57:522-524, 1910. 














766 ARCHIVES OF SURGERY 





during life. All cases were discovered accidentally at necropsy, and 
in no instance was the anomaly of the pericardium regarded as respon- 
sible for death or even as having exerted a significant influence. 

The protocols of forty-two of the sixty-four recorded cases have 
been studied (De Torres,’ Baillie,? Curling,* Baly,® Bristowe,’° Powell," 
Lawson-Tait,'? Faber,®> Primrose,’* Saxer,'* Keith,'® Verse,’ Ebstein,' 
Parlavecchio,'® Perna,’* Risel,’* Schmincke,’® Plaut,?° Cameron,”! 
McGary,”* Chase,”* Lang ** and Canavan*). The information obtained 
therein permits one to suggest the following classification: Group 1, 


7. De Torres, J. I.: An Extraordinary Case of the Heart of a Child Turned 
Upside Down, Philosophical Tr. Roy. Soc. London 8:508, 1735-1743, Edition 
of 1809, C. & R. Baldwin, New Bridge Street, Blackfriars. 

8. Curling, T. B.: Case of Congenital Absence of the Pericardium with 
Observations, Tr. Med. Chir. Soc. London 22:222, 1839. 

9. Baly, W.: Absence of the Pericardial Sac, the Heart Lying in the 
Cavity of the Left Pleura, Tr. Path. Soc. London 3:60, 1850. 

10. Bristowe: Malformation of the Pericardium and Left Pleura, Tr. Path. 
Soc. London 6:109, 1854-1855. 

11. Powell, D. R.: Deficiency in the Pericardium, Tr. Path. Soc. London 
20:99, 1868. 

12. Lawson-Tait: Congenital Absence of the Pericardium, Dublin Quart. 
J. M. Se. 47:85, 1869. 

13. Primrose, E. J.: Patency of the Pericardium, Glasgow M. J. 56:184, 1901. 

14. Saxer: Die Brustorgane einer 38 jahrigen Frau mit fast vollstandigem 
angeborenen mangel des Herzbeutels, Miinchen. med. Wchrschr. 49:858, 1902. 

15. Keith, J. A.: Partial Deficiency of the Pericardium, J. Anat. & Physiol. 
41:6 (Part 1) 1907. 

16. Parlavecchio, G.: Experimentelle Perikardiektomie und ihre moglichen 
therapeutischen Anwendungen, Deutsch. Ztschr. f. Chir. 98:126-140, 1909. 

17. Perna, G.: Sopra un arresto di sirluppo della sierosa pericardica nell 
‘uomo, Anat. Anz. 35:322, 1909-1910. 

18. Risel: Canalis neurentericus und Rhachischisis anterior (Drei Falle 
von Persistenz des Canalis neurentericus bei Rhachischisis anterior mit Stor- 
ungen im Schluss des Zwerchfells und Herzbeutels), Verhandl. d. deutsch. path. 
Gesellsch. 15:379-415, 1912; Hernia diaphragmatica mit Defekt des Herzbeutels 
und Missbildungen des Zentralnervensystems, Deutsch. med. Wchnschr. 37: 
2405-2406, 1911. 

19. Schmincke: Missbildung des Herzbeutels, Deutsch. med. Wehnschr. 
38:2246, 1912. 

20. Plaut, Martha: Ueber zwei weitere Falle von Defekt des Herzbeutels, 
Frankfurt Ztschr. f. Path. Wiesb. 12: 141-156, 1913. 

21. Cameron, A. L.: Defects of the Parietal Pericardium, Tr. Chicago Path. 
Soc. 9:148-154, 1913-1915. 

22. McGary, K. A.: A Case of Patency of the Pericardium and Its Embryo- 
logical Significance, Anat. Rec. 8:43-54, 1914. 

23. Chase, M. R.: Congenital Deficiency of the Pericardium, J. Anat. & 
Physiol. 1:299-302, 1915-1916. 

24. Lang, F. J.: Zur Kenntnis der angeborenen Herzbeuteldefekte, Virchows 
Arch. f. path. Anat. 230:608-621, 1921. 
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those cases in which the heart and left lung occupy a common serous 
cavity. This group may be further divided into A, those cases in which 
there is a complete absence of the pericardium, and B, those cases in 
which a rudimentary pericardium occurs. Into the subgroup B 
would fall several cases in which there has been a large defect, or 
foramen, between the pericardium and left pleura through which the 
heart has entered the left pleural cavity. Group 2, those cases with a 
foramen between the pericardium and the left pleura, the heart occupy- 
ing the pericardial cavity. Group 3, those cases in which the heart main- 
tains its normal relations to the two layers of the mediastinal pleura, in 


wat S 
—EC 


Fig. 1—Diagrammatic sketch of coelom of early human embryo, viewed 
from above; PC, pericardial cavity; H, heart; P-PC, pleuroperitoneal canal; 
P’C', peritoneal cavity;YS, yolk sac, and EC, exocoelom. 





which either no trace of the pericardium has been present or, as is most 
common, only rudiments of the pericardium have been present near the 
base of the heart. Eight cases are included in this group. Three are 
regarded as being probable cases of adherent pericardium. Three are 
incompletely described, and the accessible data concerning the other 
two have been very scanty. In view of these facts, it is doubtful 
whether this type of case exists. Group 1 includes 59.5 per cent. of the 
cases, Group 2, 21.4 per cent., and Group 3, 19.1 per cent. 

Two cases, one reported by Lawson-Tait’?* and one reported by 
De Torres,’ have been associated with congenital anomalies of the heart. 
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In the former, the aortic valves consisted of two pouches with two 
sinuses of Valsalva. In the latter, the heart without a pericardium was 
turned upside down, “so that its basis, with all the vessels, had fallen 
down as low as the navel; and its apex, still on the left side, lay hid 
between the two lungs.” In six cases, the defect was associated with 
congenital anomalies of other types. Primrose’s ** case was associated 
with a vesical septum and absence of the right kidney. One of the cases 
described by Keith ** occurred in an anencephalic full-term child. The 
other occurred in a fetus which was the subject of a number of mal- 
formations which were not described in his report. Risel’s '* three cases 
showed most extensive congenital anomalies. Case 1, a fetus that had 
died in utero, was especially unique in that associated with the large 
defect in the parietal layer of pericardium on the left side was a smaller 
one on the right. This is the only case on record that shows a right- 
sided defect. The other anomalies occurring in this case were a large, 
true, diaphragmatic hernia on the left side with displacement of the 
organs of the pleural and abdominal cavities ; a retromediastinal pouch 
of the diaphragm; abnormal development of both lungs; persistence of 
the vitelline vein as a thin filament; hemicrania with exencephalia 
occipitalis ; a total lumbodorsal spina bifida with a broad medullary plate ; 
a large anterior, cervical spina bifida, and a direct connection between 
the medullary tube and the intestinal tube through a diverticulum of 
the esophagus and stomach. Case 2, a macerated fetus, showed in 
addition to an almost total defect of the left, parietal pericardium, a 
large, false diaphragmatic hernia on the left with displacement of the 
organs of the pleural and abdominal cavities ; a retromediastinal perito- 
neal pouch; anomalies in the development of both lungs; abnormal 
development of the serosa of the left, pleuroperitoneal cavity; inien- 
cephaly; a large, anterior and posterior, cervical spina bifida; a con- 
nection between the anterior surface of the medulla oblongata and the 
posterior wall of the distorted stomach; remnants of the neurenteric 
canal; partial defects of the first three ribs on the right side, and a defect 
of the right abducens nerve. Case 3, a baby that died immediately after 
birth, showed in addition to a partial defect in the left half of the peri- 
cardium, a false left diaphragmatic hernia with displacement of the 
organs of both the pleural and abdominal cavities; a retromediastinal 
pouch of the diaphragm behind the liver ; anomalies in the development 
of both lungs; encephalocele occipitalis ; a large, anterior and posterior, 
cervical spina bifida; a strand of tissue connecting the anterior surface 
of the medulla oblongata to the esophagus; remains of the neurenteric 
canal; cleavage of the tabular part of the occipital bone, and a cleft 
palate. McGary’s ** case was associated with a malposition of the colon. 
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In only five cases (Baillie? Wolf,?> Curling,* Bristowe*® and 
Faber °) was the heart found to be enlarged. Adhesions connecting 
heart with lungs, diaphragm or thoracic wall occurred in twelve cases 
(Breschet,”* Curling,® Baly,® Bristowe,’® Peacock,®’, Saxer,’* Picchi ** 
[Case 1], Verse,® Perna,’* Plaut *° [Cases 1 and 2] and Lang.**) 





Fig. 2.—Diagrammatic view of sagittal section of a 7 mm. human embryo, 
showing pleuropericardial membrane, pleuroperitoneal membrane and septum 
transversum. The phrenic nerve courses in the pleuropericardial membrane. 
Arrow passes from pericardial cavity to. peritoneal cavity through pleuroperi- 
cardial canal; PC, pericardial cavity; DC, duct of Cuvier; ST, septum trans- 
versum; U and VV, umbilical and vitelline veins; P-PM, pleuropericardial 
membrane; ACV, anterior cardinal vein; PCV, posterior cardinal vein; PN, 
phrenic nerve; P’-P’M, pleuroperitoneal membrane; LB, lung bud; ST, stomach; 
L, liver, and P’C’, peritoneal cavity. 


25. Wolf, cited from Faber (Footnote 5, p. 184). 
26. Breschet, cited from Faber (Footnote 5, p. 183). 
27. Peacock, cited from Perna (Footnote 17, p. 330). 
28. Picchi, cited from Perna (Footnote 17, p. 330). 
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The phrenic nerve on the side of the defect shows alterations in its 
course depending more or less on the extent of the defect. The varia- 
tions in the course of the nerve are so marked that any attempt to group 
the cases on this basis bars all but the most general and inclusive terms. 
It can be said, however, that when definite large rudimentary folds are 
present, the tendency is for the nerve to course in the free border of 
these folds. This is especially true if the folds are arranged in the 
sagittal plane of the body. It also is true that in those cases in which 
there is a foramen between the pericardial and the left pleural cavities 
the nerve tends to run in the anterior free edge of the foramen. 


Such pericardial defects are congenital and doubtless due to an early 
break in the normal development of the embryo. Those who have 
attempted to explain the condition (Keith,’® Perna,’ Risel,** Plaut °° and 
McGary **) have connected it with an anomalous development of the 
pleuropericardial cavity. The position of the heart in a common cavity 
with the left lung (Group 1) has been attributed to an incomplete closure 
of the left pleuropericardial membrane. This interruption of the normal 
development must be sought for during the first five weeks of intra- 
uterine life. 

The pericardial, pleural and peritoneal cavities are intimately related 
to one another in their embryologic development. As the embryonic 
mesoderm differentiates, numerous clefts appear on either side between 
the somatic and splanchnic layers of mesoderm. Cephalad, these clefts 
coalesce to form the two elongated pericardial cavities. Caudad, similar 
paired cavities develop, forming the right and left pleuroperitoneal 
cavities. The paired pericardial cavities with the tubal heart between 
them communicate with each other cephalad to the heart, and caudad 
they open separately into the pleuroperitoneal cavities. These cavities 
connect in turn with the exocoelom. By the end of the fourth week, the 
five original cavities form a single coelom (Fig. 1). This single cavity 
is broken up into compartments by the septum transversum. The septum 
transversum commences as the mesentery for the umbilical and vitelline 
vessels. At first, the pericardial coelom lies completely on the ventral 
side of the septum and extends around each side of it in the form of a 
V-shaped canal. As development proceeds, the dorsal end of the septum 
transversum descends until, at the level of the fifth cervical, somite 
muscle tissue and the phrenic nerve join with it to construct the 
diaphragm. 

The final separation of the pericardial, pleural and peritoneal cavities 
is affected by the growth of a ridge of tissue from the mesoderm on 
either side that surrounds the duct of Cuvier. The anterior part of the 
ridge gives rise to the pleuropericardial membrane which obliterates the 
pleuropericardial opening; the posterior part gives rise to the pleuro- 
peritoneal membrane which obliterates the pleuroperitoneal opening 

















MOORE—CONGENITAL DEFICIENCY OF PERICARDIUM 771 


(Figs. 2 and 3). When the former opening is closed, the phrenic nerve 
is left in the border of the membrane. The lung buds grow out from 
the forepart of the intestine and project laterally into the forepart of the 
pleuropericardial cavity. Each lung burrows around to the side and 
front of the heart, and, in this manner, the phrenic nerve is pushed into 
the pleuropericardial membrane and comes to lie between the heart and 
lungs. The complete separation of the pericardial from the pleural 
cavity takes place when the pleuropericardial membrane unites with the 
root of the lung. 


-PL C 


—_— 





PPM 





--PC 





Fig. 3—Diagrammatic view of sagittal section of human embryo of about 
11 mm., showing same structures as in Figure 2 after the descent of the septum 
transversum; PL C, pleural cavity; other letters, as in Figure 2. 


In attempting to explain the deficiency on an embryologic basis, 
Keith ** attributed the condition to a dilatation of the pleuropericardial 
foramen. In the report of his two cases, he says: 

It was evident that the position of parts had been produced by the lung 
bud growing within and expanding the communication between the pericardium 


and pleura, for that communication lies immediately ventral to the point at 
which the lung bud appears. 
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Perna *’ suggested that the early establishment of the anastomosis 
between the left and right anterior cardinal veins resulted in an early 
atrophy of the left duct of Cuvier (common cardinal vein, Fig. 4). He 
thought it possible that this would result in an incomplete development 
of the left membrane with persistence and enlargement of the left pleuro- 
pericardial foramen. He did not consider this atrophy as primary, but 
connected it with changes in the field of the great venous trunks of the 
upper half of the body in that embryologic period. 

Plaut *° also suggested that if the formation of the left innominate 
vein took place earlier than it did under normal conditions, the subse- 
quent early atrophy of the left duct of Cuvier would cause a lack of 
development of the pleuropericardial membrane that is connected with it. 
She states that one can only make suppositions over the cause of the 
lack of development of the separating membrane, that is, the left pleuro- 


Left innominate Left innominate 


Right innomé 


es “~ 


Prerenal part of 


inferior vena cava 








Postrenal part of 


inferior vena cava 





Fig. 4—Development of cross branch between jugulars and completion of 
development of parietal veins (from Gray’s “Anatomy,” Ed. 20). 


pericardial membrane. Appreciating the fact that the separation of the 
pleurorericardial cavity into two pleural cavities on the one hand and 
the pericardial cavity on the other becomes effective in close connection 
with the origin and further development of the great venous vessels, 
especially the duct of Cuvier, the thought was expressed by her that an 
anomaly in the region of the great venous trunks might be responsible. 
This seemed all the more likely since it is known that at this period of 
embryologic development important changes take place in the region 
of the great venous stems of the body in general. After the formation 
of the venous trunk of the inferior vena cava, as also after the formation 
of the left innominate vein, a partial atrophy of the left duct of Cuvier 
occurs. 

McGary * attributed the defects to an injury to the cells lining the 
ccelomic space, and explains the cases by supposing that in the early 
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development of the embryo some slight injury occurred to the general 
coelom which resulted in a lack of development of the pleuropericardial 
membrane. He explained the left sided defect by an asymmetry of the 
liver and its rotation during the course of development which would put 
a greater tension on the left pulmonary ridge. 





Fig. 5.—Anterior view of specimen after fixation in formaldehyd: A, right 
lung; B, right ventricle; C, left ventricle; D, fibrous strand connecting apex of 
pouch and diaphragm; E, left lung; F, left phrenic nerve; G, layer of peri- 
cardium covering left half of anterior surface of heart; H, mediastinal partition, 
and J, diaphragm. 


Risel,'* in view of the extensive combined defects which he observed 
in his three cases, and in consideration of his first case in which the con- 
nection between the pericardial and pleural cavities remained open on the 
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right side as well as on the left side, was inclined to doubt the explana- 
tions offered by Perna ** and Plaut.*° He attributed the defects to a very 
early disturbance in the formation of the compartments of the coelom, 
without being able to say, however, at what point the defective develop- 
ment of the pleuropericardial membrane and the failure of its fusion 
with the lung root had occurred. 

Thus, there are two opposing views, (1) that of Perna ** and Plaut,?° 
based on a developmental disturbance in vascularization, focused on the 
region of the left duct of Cuvier, through which the growth of the left 
pleuropericardial membrane is hindered, and (2) that of Risel,’* based 
primarily on a disturbance in the development of the coelomic cavities. 
In favor of the former view is the almost exclusive left-sided occurrence 
of the defect. Risel’s ** explanation might correspond with his three 
cases, but it is difficult to apply it to the cases that show neither a defec- 
tive diaphragm nor other defects, and we must recognize that the great 
majority of the cases show no such multiplicity of anomalous conditions. 

The chance finding of an interesting example of this lesion in a dog 
led to a study of the condition in the literature. The only record, so far 
as we know, of a similar defect having occurred in animals is that con- 
tained in Discours iv, Paris, 1685 (quoted by Baillie?). Here, likewise, 
the defect was noted in a vigorous dog. Our interest was stimulated 
both because of the infrequency of the lesion per se and because of the 
recent work in this laboratory by Dr. Elliott Cutler on the surgery of 
the heart. In the experimental and clinical studies into the possibility of 
the surgical treatment of mitral stenosis, there has been some question 
as to the best manner of handling the pericardium. The danger of 
subsequent heart tamponade due to traumatic pericardial effusion has 
given the significance of the pericardium additional interest. The finding 
in a healthy dog of such a defect has brought up the question of the 
advisability of partial resection of the pericardium in certain clinical 
conditions in which it has been necessary to explore the cavity and carry 
out procedures within it that necessarily set up a definite reaction. As 
a record of an unusual finding, this protocol is submitted. 


PROTOCCL 


March, 28, 1924, a brown, white and black, mongrel bulldog, weighing 
23.4 kg., was operated on in this laboratory for the purpose of determining 
left auricular and left ventricular pressure changes resulting from an acute 
experimental mitral stenosis and mitral insufficiency. Apparently, the dog 
was a vigorous animal in every respect, but nothing is known of his past history. 
The operation was performed with the dog lying on his right side, and the 
heart was exposed by resection of the fourth and fifth ribs, left. On opening 
the thoracic cavity and breaking through the thin mediastinal partition, we 
noticed, to our surprise, that the parietal layer of pericardium was absent 
over the whole right side of the heart. The apex of the heart was contained 
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anteriorly in a pouch of pericardium, which covered the left side of the heart 
and separated the heart from the left pleural cavity. The free edge of this 
layer blended with the mediastinal partition. In order to gain the best possible 
exposure of the left auricle and left ventricle, which was essential for the 
successful prosecution of the experiment under question, a slit was made in 
the layer of pericardium covering the left side of the heart. The experiment 
was then proceeded with, at the conclusion of which the dog was sacrificed 
and the heart, lungs and diaphragm removed in toto. The rents in the peri- 





Fig. 6.—Specimen after fixation in formaldehyd: The heart has been rotated 
to the right; picture shows pouch that contained apex of heart. 


cardium were carefully sutured with silk, and the specimen preserved in 10 per 
cent. formaldehyd (Figs. 5 and 6). A detailed description of the specimen 
is as follows: .- 

Parietal pericardium was completely absent over the right half of the heart. 
The left half of the heart was covered. The visceral pericardium was normal 
throughout. The apex of the heart was contained in a pouch, approximately 
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5 cm. deep, which was continuous anteriorly with the layer of pericardium 
covering the left half of the anterior surface of the heart and separating the 
heart from the left pleural cavity. Inferiorly and posteriorly, the pouch blended 
with the two thin layers of the mediastinum. Its apex was attached to the 
diaphragm just in front of the central tendon by a firm, fibrous strand 1.5 cm. 
in length, 

The free edge of the anterior layer of pericardium blended with the medias- 
tinal partition. Laterally, the layer was reflected over the root of the left lung. 
Superiorly, it was attached to the roots of the great vessels and blended with 
the fat of the upper anterior mediastinum. The free edge curved around to 
the right in front of the upper portion of the ascending aorta, went in front 
of the superior vena cava and then dipped downward to disappear in the 
reflection covering the anterior aspect of the root of the right lung. The 
sickle-shaped fold thus formed constituted a ledge covering the anterior surface 
of the base of the heart. The width of the fold in front of the aorta was 1 cm. 
It narrowed to final disappearance at the root of the right lung. 

The layer of pericardium covering the posterior surface of the left ventricle 
ended medially in a free edge which ran from the root of the right lung down- 
ward to be attached to the mediastinal partition just above the attachment of 
the latter to the central tendon of the diaphragm. This posterior layer was 
pierced by the inferior vena ‘cava just inside the free edge, and was united 
with the same by loose connective tissue. Superiorly, at the point of its 
reflection over the pulmonary veins, the posterior layer formed a small posterior 
pouch. Inferiorly and laterally, it blended with the pouch that inclosed the 
apex of the heart. 

The left phrenic nerve passed to the diaphragm in its normal manner. The 
right phrenic nerve joined the sickle-shaped, superior fold anterior to the 
superior vena cava, coursed to the anterior aspect of the root of the right 
lung in this fold, and then joined the free edge of the posterior layer of the 
pericardium, in which it completed its course to the diaphragm. 

No other defects were present in this case. The great vessels at the base 
of the heart were all in their proper place and without peculiarities. The 
heart was normal. There were no adhesions between heart and lungs such 
as have been noted in a number of human cases, and no opening in the dia- 
phragm. The colon and other abdominal organs were in their normal relations. 


SUMMARY AND COMMENT 


Cases of congenital deficiency of the pericardium are rare. Sixty- 
four cases are recorded in the literature. These cases are characterized 
by an absence of clinical symptoms and the greater frequency of the 
defect on the left side. All were discovered accidentally at necropsy, and 
the defect was on the right side in only one of the forty-two cases 
reviewed. The absence of clinical symptoms and the normal and healthy 
appearance of the heart, in the great majority of instances, would lead 
to the conclusion that the existence of the pericardium is not necessary 
for the unimpaired function of the heart during normal life. On the 
other hand, the presence of adhesions involving the heart, pleura, 
diaphragm and thoracic wall in a number of the reported cases strongly 
suggests that the pericardium is of advantage in protecting the heart 
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from adhesions. This contention assumes weight when we reflect on 
the frequency of pleuritic infections and the necessity for free motion 
of the heart. 

The right-sided defect in the instance reported is in contrast to all 
the human cases reported, except one (Risel,** Case 1). This is of added 
interest in view of a recent report by Cutler and Cooper *® on “Con- 
genital Deficiency of the Diaphragm” in which the defect in a dog also 
occurred on the right side, although here likewise the great prepon- 
derance of human cases is left-sided. These defects are obviously 
congenital and result from an incomplete development of the left pleuro- 
pericardial membrane. One can only theorize as to the cause of this, but 
the weight of evidence strongly suggests that it is in some way connected 
with the formation of the great venous stems of the body. Remember- 
ing that the pleuropericardial membrane develops from the pulmonary 
ridge of Mal, that the pulmonary ridge of Mal surrounds the duct of 
Cuvier, and that the left duct of Cuvier atrophies in the final formation 
of the venous system, we have a very suggestive basis on which to build 
up a possible explanation both for the defect and its left-sidedness. It 
certainly seems logical that a premature atrophy of the left duct of 
Cuvier could interrupt the normal sequence of development. The 
coincident changes in the venous system and the development of the 
pleuropericardial membrane give weight to this view. 


29. Cutler, E. C., and Cooper, H. S. F.: Congenital Deficiency of the 
Diaphragm, Arch. Surg. 8:506-523 (March) 1924. 





THE EFFECT OF MAGNESIUM SULPHATE ON 
CEREBROSPINAL FLUID PRESSURE AND 
ON THE BRAIN VOLUME* 


EDMUND J. MORRISSEY, M.D. 
RICHMOND, VA. 


In 1919, Weed and McKibben,’ experimenting with cats, first called 
attention to the fact that the cerebrospinal fluid pressure as well as the 
bulk of the brain could be reduced by the intravenous injection of 
various hypertonic solutions of electrolytes. The important observation 
was made that, within certain limits, the amount of fall in pressure of 
the cerebrospinal fluid is an index to the extent to which the volume of 
the brain has been reduced. In their experiments, they used sodium 
chlorid, sodium sulphate and sodium bicarbonate. They likewise noted a 
fall in pressure but not to such a marked degree after the intravenous 
injection of hypertonic crystalloids, such as glucose. 

It also was observed that the intravenous use of concentrated solu- 
tions of sodium chlorid was often followed by severe respiratory and 
cardiac disturbances. This was sometimes noted after the first few 
cubic centimeters had been injected, and was explained by the alteration 
in the balance of mineral salts in the blood. With this in view, Foley 
and Putnam,’ in 1920, following experimental work, concluded that 
hypertonic salt solution injected into the gastro-intestinal tract reduced 
intracranial pressure and was more convenient, and that the disturbance 
of circulation and respiration noted after intravenous injections was 
avoided. 

The first clinical use of hypertonic solutions was reported by Haden,* 
in September, 1919, in a case of acute meningitis which developed signs 
of pressure, presumably due to a blocking of the absorptive mechanism. 
Improvement and ultimate recovery occurred following several intra- 
venous injections of 40 per cent. glucose solution. Cushing and Foley,‘ 
and Sachs and Belcher,’ in 1920, and Foley,® in 1921, brought forth 


*From the neurosurgical service of Dr. C. C. Coleman, hospital division, 
Medical College of Virginia. 

1. Weed, L. H., and McKibben, P. S.: Am. J. Physiol. 48:512 (May) 1919. 

2. Foley, F. E. B., and Putnam, T. J.: Am. J. Physiol. 53:464 (Oct.) 1920. 

3. Haden, R. L.: Therapeutic Application of Alteration of Brain Volume 
by Injection of Glucose, J. A. M. A. 73:983 (Sept. 27) 1919. 

4. Cushing, H., and Foley, F. E. B.: Proc. Soc. Exper. Biol. & Med. 17: 


217, 1920. ri 
5. Sachs, E., and Belcher, G. W.: Use of Saturated Salt Solution Intra- 


venously During Intracranial Operations, Preliminary Report, J. A. M. A. 
75:667 (Sept. 4) 1920. 


6. Foley, F. E. B.: Surg., Gynec. & Obst. 383:126 (Aug.) 1921. 
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the clinical uses of hypertonic sodium chlorid in the temporary relief 
of increased intracranial pressure. 


The use of magnesium sulphate for the relief of increased intra- 
cranial pressure due to trauma was first advocated by Dowman,’ in 1922. 
He, however, was very conservative and advised its use “in those types 
of brain injuries exhibiting no classical findings of acutely increasing 
pressure, yet of the type that experience has shown is liable to develop 
gradually increased intracranial pressure.” He further states, “when 
increased intracranial pressure exists, I prefer the more rapid action of 
saturated solution of sodium chlorid.” 


The next reference to the use of magnesium sulphate was by Fay,* 
in 1923, and again in 1924;° he advocated the use of magnesium sul- 
phate in preference to other salts because it is not absorbed and extracts 
more fluid into the intestinal tract than the sodium salts. His conclusions 
were based on experimental studies and clinical observation. The 
amount recommended is 45 gm. of crystals of magnesium sulphate by 
mouth, repeated every four hours if necessary to produce the desired 
results ; or, if impossible to give by mouth, he recommends 90 gm. of 
crystals in 178 c.c. of water by rectum every four hours. 


( COMMENT 


In the neuroshirgical service of Dr. C. C. Coleman, the yearly average 


of acute cranial injuries is approximately 125, and a considerable number 
of these patients present problems arising from intracranial tension. 
With this number of cases, it has been possible to make observations on 
the relative merits of the various types of treatment recommended for 
the relief of intracranial pressure. 


Hypertonic salt solutions have at times been used both intravenously 
and by bowel for the reduction of acute intracranial pressure, and, 
recently, magnesium sulphate as advocated by Fay has been extensively 
tried. 


This paper was instigated by the failure to obtain, in this clinic, the 
good results from the magnesium sulphate treatment which has followed 
its use in other hands. Two recent cases serve as an illustration of the 
failure of this salt to reduce intracranial pressure. 


7. Dowman, C. E.: Management of Head Injuries, J. A. M. A. 79:2212 
(Dec. 30) 1922. 

8. Fay, Temple: Administration of Hypertonic Salt Solutions for Relief 
of Intracranial Pressure, J. A. M. A. 80:1445 (May 19) 1923. 


9. Fay, Temple: Comparative Values of Magnesium Sulphate and Sodium 
Chlorid for Relief of Intracranial Tension, J. A. M. A. 82:766 (March 8) 1924. 
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REPORT OF CASES 


Case 1A woman, aged 49, was admitted to Memorial Hospital with a 
history of having slipped and fallen on the back of her head six hours before 
admission. The patient had been unconscious since the accident. The pulse 
was 110; respiration, 22; the systolic blood pressure, 150; the diastolic, 100. 
A neurologic examination was practically negative for localization of the 
lesion. A spinal puncture showed a pressure of 30 mm. of mercury, with the 
fluid slightly blood-stained. A roentgen-ray examination revealed a vertical 
fracture of the left side of the occipital bone, extending from the lambda to 
the level of the foramen magnum. A second line of fracture, starting about 
the middle of the first line, extended across the median line to the posterior 
fossa on the opposite side. A few hours after admission, the pulse began 
to slow, and the patient was started on magnesium sulphate. Three doses of 





Fig. 1—Pressure in Case 3: A, normal pressure; B, jugular compression; 
C, 45 gm. of magnesium sulphate administered; D, 8 c.c. of spinal fluid removed. 


Ren 





Fig. 2.—Pressure in Case 4: A, normal pressure; B, jugular compression; C, 
45 gm. of magnesium sulphate administered; D, thirty minutes later; E, one 
hour after magnesium sulphate; F, 6 c.c. of spinal fluid removed. 


45 gm. each were given by nasal tube, at four hour intervals. No beneficial 
results were noted, and a spinal puncture three hours after the last dose of 
magnesium sulphate (which was fifteen hours from the time of the previous 
puncture) showed a pressure of 28 mm. of mercury. The r=tient had six pro- 
fuse liquid stools, and the blood pressure, in the meantime, had fallen from 150 
systolic on entry to 108 systolic in twelve hours. 

Case 2.—A man, aged 26, at St. Philip Hospital, developed signs of acute 
compression two days after a head injury. A double temporal decompression 
was done by Dr. J. G. Lyerly, and at operation the brain was found to be 
under marked tension. Twelve hours after operation, the patient was rational 
and said that he felt fine. The temperature was 988; pulse, 52; respi- 
ration, 18; blood pressure, 130 systolic, 74 diastolic. During the day, the 
patient’s condition remained practically the same. The next morning, he 
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became unconscious; the breathing was labored; the temperature was 100; 
the pulse, 60; respiration, 20, and the patient expired in a few hours. Necropsy 
showed the brain to be under marked pressure from edema without gross 
hemorrhage, notwithstanding the fact that the patient received 210 gm. of 
magnesium sulphate at various intervals from the time of operation until his 


death. 

In both of these cases, one might assume that we were dealing with 
advancing lesions, but it is in just such lesions that a decompressive 
effect of magnesium sulphate would be most helpful. For the purpose of 
making accurate studies the following experiments and observations 
were carried out. 





Fig. 3—Pressure in Case 5: A, normal pressure; B, jugular compression; 
C, 45 gm. of magnesium sulphate administered by mouth. 





Fig. 4—Pressure in Case 6: A, normal pressure; B, jugular compression; C, 
45 gm. of magnesium sulphate administered; D, one hour forty minutes after 
magnesium sulphate was given; E, two hours two minutes after magnesium 
sulphate was given. 


METHOD 


Observations were made on patients requiring spinal puncture either 
for diagnostic purposes or as treatment for syphilis. Patients were 
taken to the operating room, placed on the right side in a horizontal 
plane and made as comfortable as possible. A glass manometer of fine 
bore was used; the type designed by Ayer in which the readings are 
made in millimeters of mercury, the distance between each millimeter 
of mercury pressure being 1 cm., was found to be satisfactory. In every 
case, the slightest variation in pulse and respiration could be observed 
in the oscillations of the fluid column. The connection made with the 
spinal puncture needle, by means of a metal connector, prevented the 
loss of the spinal fluid. Sufficient time was allowed for readjustment 
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of pressure on account of the small amount of cerebrospinal fluid dis- 
placed into the needle and manometer. This required approximately 
from two to five minutes, but ten minutes were always allowed. Follow- 
ing this, the patient was given 45 gm. of magnesium sulphate crystals 
in a small amount of water by mouth, on an empty stomach, and readings 
were taken at various intervals and recorded on charts. 

Case 3.—Pressure, after readjustment, was 10 mm. of mercury, a sharp 
rise being noted on jugular compression. The patient was given 45 gm. of 
crystals of magnesium sulphate dissolved in a small amount of water. The 
cerebrospinal fluid showed absolutely no fall in pressure in the next thirty 
minutes. Following this, 8 c.c. of spinal fluid was removed, and pressure 
immediately fell to 3 mm. of mercury, where it practically remained for the 


next ten minutes, except for a slight rise when the patient coughed. The 
needle was then withdrawn (Fig. 1). 





hn 
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Fig. 5.—Pressure in Case 7: T, normal pressure; B, jugular compression; C, 
60 c.c. of 15 per cent. sodium chlorid solution given by mouth. 





Fig. 6.—Pressure in Experiment-1: A, normal pressure; B-C, operation; D, 
80 c.c. of 25 per cent. solution of magnesium sulphate administered; E, 160 c.c. 
of fluid withdrawn. 


Case 4.—The patient’s pressure, after adjustment, was 6.5 mm. of mercury. 
A sharp rise was noted on jugular compression. The patient was given 
magnesium sulphate crystals, 45 gm. in water, on an empty stomach, and 
the spinal puncture needle was withdrawn. After thirty minutes had elapsed, 
another spinal puncture was made, and readings were taken for the following 
thirty minutes, i. e., until one hour after the patient had taken 45 gm. of 
magnesium sulphate. No fall in pressure was noted, as shown in Figure®2. 
About 6 c.c. of spinal fluid was withdrawn, and pressure dropped to 2 mm. 
of mercury, where it fluctuated between 2 and 4 mm. of mercury for the 
next ten minutes. 


Case 5.—The patieni’s pressure, after sufficient time had elapsed for adjust- 
ment, was 11 mm. of mercury. Forty-five grams of magnesium sulphate 
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crystals dissolved in water was given by mouth. In this case, the spinal 
pressure was followed for the next sixty minutes (Fig. 3). There had been 
no drop in the cerebrospinal fluid pressure one hour after administration of 
45 gm. of magnesium sulphate crystals. 


Case 6.—We were fortunate enough in this case to be dealing with a patient 
whose pressure was 22.5 mm. of mercury, a definite increase above normal, 
in contrast to the three previous cases in which the pressure was within 
normal limits. The observations, on this patient, remove the objection that 
we were dealing with cases having a normal pressure and that magnesium 
sulphate would cause a drop where there is an abnormal increase, when it 
might not with a normal pressure. Jugular compression caused a sharp rise, 
and after waiting for it to remain at a fixed point for ten minutes, the patient 
was given orally 45 gm. of magnesium sulphate crystals dissolved in water. 
Readings showed, for the next thirty minutes, no drop in pressure. The needle 





Fig. 7—Pressure in Experiment 2: A, normal pressure; B, jugular compres- 
sion; C-D, operation; E, 80 cc. of 3 per ecent. solution of sodium chlorid 
administered; F, 100 c.c. of fluid withdrawn. 





Fig. 8—Pressure in Experiment 3: A-B, normal pressure; B, operation 
started; C, operation finished. 


was then withdrawn, and the patient sent back to the ward. A copious bowel 
movement followed. At a second puncture, one hour and forty minutes after 
the administration of magnesium sulphate, the pressure was found to be slightly 
above the patient’s normal. A drop occurred over a period of five minutes, 
when it again rose above normal and remained so for the next twenty-two 
minutes, showing no fall at the end of two hours and two minutes. 


Case 7.—To make certain that there was no mistake in technic which 
was preventing a fall in cerebrospinal pressure after the giving of magnesium 
sulphate, sodium chlorid, which had given a fall in pressure in a similar 
experiment, was tried, the experiment being carried out by Foley in Cushing’s 
clinic. 

A patient with a pressure of 9 mm. of mercury who, after adjustment and 
jugular compression, had demonstrated no block, was given 60 c.c. of a 15 
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per cent. solution of sodium chlorid by mouth. At the end of ten minutes, 
the pressure began to fall, and, after eighteen minutes, a drop of 4 mm. of 
mercury was noted, and, from then until the end of the thirty minute period, 
it varied from 4 to 5 mm. of mercury (Fig. 5). 


This demonstrated, first, and what is most important, that there 
were no technical errors in the method employed, and, second, that 
sodium chlorid by mouth causes a prompt reduction of the cerebrospinal 
fluid pressure, as has been conclusively shown by others. 

From the foregoing results, we conclude that magnesium sulphate 
crystals, in 45 gm. doses, do not reduce the cerebrospinal fluid pressure 
quickly in man. Nevertheless, on account of the rapid drop in cerebro- 
spinal fluid pressure obtained by Fay, it seemed desirable to check up 
our own results with animal experiments. 





Fig. 9.—Curve obtained in Experiment 4: A, nérmal pressure; B, 80 c.c. of 
25 per cent. solution of magnesium sulphate given; C, operation stopped; D, 
20 c.c. of 15 per cent. solution of sodium chlorid given. 





Fig. 10.—Curve obtained in Experiment 4: A, normal pressure; B, 80 c.c. of 
25 per cent. solution of magnesium sulphate injected in small intestine; C, 
operation finished; D, 20 cc. of 15 per cent. solution of sodium chlorid given 
intravenously. 


ANIMALS AND METHOD 


In the following experiments, dogs were used. exclusively. Under 
an anesthetic, the subarachnoid space was entered with a needle of fine 
bore, through the occipito-atloid ligament. This needle was connected 
with an Ayer glass manometer of small bore, held upright by a buret 
clamp. Readings were then taken, and each reading recorded. Com- 
pensation for the small amount of fluid dislocated into the needle and 
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manometer took place within the first ten minutes; usually, within the 
first three or four minutes. Nothing was further attempted after the 
puncture until the pressure had remained at one level for ten minutes. 


ANESTHETIC 


Under volatile anesthetics there is an increased elaboration of 
cerebrospinal fluid, as was first shown by Cappelletti,*° in 1900, and 
later by Dandy and Blackfan “ and others ; also the degree of anesthesia, 
but especially sudden changes in the degree of anesthesia, will cause a 
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Fig. 11—Pressure in Experiment 5. 


marked fluctuation in cerebrospinal fluid pressure. This was noted in 
our early experiments when ether was used. We quickly found out 
that, if we were to get uniform and reliable results, we must use an 
anesthetic that keeps the dog under evenly throughout the experiment. 
On the advice of Drs. Haskell and Courtney of the department of 
physiology, we tried chlorbutanol dissolved in cottonseed oil and found 
it very satisfactory. We gave 0.25 gm. per kilogram of body weight. 


10. Cappelletti: Arch. ital. d. biol. 35:453, 1900. 
11. Dandy, W. E., and Blackfan, K. D.: Internal Hydrocephalus, Am. J. 
Dis. Child. 8:406 (Dec.) 1914. 
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PROTOCOLS 


EXPERIMENT 1.—A dog, weighing 13 kg., under ether anesthesia, was found 
to have a pressure of 5 mm. of mercury. Three feet of small intestine were 
then isolated and tied off, a jejunostomy performed, and 80 c.c. of magnesium 
sulphate, 25 per cent. solution, injected into the intestine. The intracranial 
pressure was followed for the next thirty minutes, and the fluid collected. 
The following results were obtained, as represented graphically in Figure 6. 
The pressure, after time allowed for readjustment, was 5 mm. of mercury. 
There was a rise in pressure, during the operation, due probably to vaso- 
constriction caused by exposing and handling the intestine. There was an 
immediate fall in pressure, but not below the normal line, after injection of 
the solution and the replacing of the intestine, and at no period of the experi- 
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Fig. 12.—Curve in Experiment 6, indicating decrease in brain volume caused 
by hypertonic sodium chlorid solution. 





ment, which lasted one-half hour, was there a fall below normal. The sharp, 
sudden drop that we obtained, and which is spoken of by others, may be due 
to the replacing of the intestine into the abdominal cavity. When the fluid 
was removed from the 3 feet (91.4 cm.) of intestine, 160 c.c. was obtained, 
just twice the amount injected. This hygroscopic effect is similar to the 
results obtained by Matthew Hay, Wallace and Cushney™ and Fay in their 
experiments on the action of magnesium sulphate in the intestines. 


EXPERIMENT 2.—A similar experiment was tried, using sodium chlorid 
instead of magnesium sulphate. A dog, weighing 12 kg., under chlorbutanol 
anesthesia, was used. Cerebrospinal fluid pressure was 5 mm. of mercury; 


12. Wallace and Cushny: Am. J. Physiol. 1:411, 1898. 
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80 c.c. of 3 per cent. sodium chlorid was injected into a 3 foot (91.4 kg.) loop 
of small intestine. A fall of pressure was noted after six minutes, to 3%, 
as shown by Figure 7. At the end of thirty minutes, there was only 100 c.c. in 
the isolated loop, thus demonstrating that sodium chlorid has a more complex 
action in drawing fluid into the intestine and entering the circulating blood, 
and that, as many others have shown, it causes a decided drop in cerebro- 
spinal fluid pressure. 


ExPerIMENT 3.—In this experiment, we wished to see what the effect would 
be of merely opening the abdomen and handling the intestine for a brief 
period and then replacing it. In this experiment, chlorbutanol was used as 
the anesthetic, and, when the abdomen was opened and the intestine handled, 
a rise of cerebrospinal fluid pressure was noted, with a fall immediately fol- 
lowing their replacement (Fig. 8). This substantiated our conclusions as 
to one of the causes of an initial and immediate drop in cerebrospinal fluid 
pressure following manipulation of the intestine. 


EXPERIMENT 4.—The following experiments were carried out, under chlor- 
butanol anesthesia, on dogs weighing from 10 to 13 kg. Instead of isolating 
a loop of intestine and tying it off, a piece of the small intestine was brought 
out and magnesium sulphate, 80 c.c. of 25 per cent. solution, was injected 
into the lumen with a Luer syringe and large bore needle. The intestine 
was replaced, the abdomen closed, and the pressure followed for one hour. 
We felt that this method more nearly approached the clinical administration 
of the salt and avoided the trauma incident to the double ligation of the loop 
of bowel. In a few cases, there was no drop in pressure, but, in most cases, 
there was a slight drop, varying from 1 to 2 mm. of mercury at the end of 
an hour. The sudden drop noted in other experiments occurred promptly after 
replacing the intestine and closing the abdomen. When the period was ended, 
sodium chlorid, 20 c.c. of 15 per cent. solution, was injected intravenously, 
and, in all the dogs, this caused a sharp drop, varying from 3 to 4 mm. of 
mercury. This experiment showed first. that the method in use was accurate 
in determining the cerebrospinal fluid pressure, and that 3 gm. of sodium 
chlorid intravenously caused a quicker and more marked drop than 20 gm. 
of magnesium sulphate crystals in the intestinal tract. This amount is con- 
siderably in excess of that advocated by Fay and others for clinical use. 
Figures 9 and 10 demonstrate two of the curves we obtained in those cases in 
which the greatest drop was obtained in cerebrospinal fluid pressure. 


EXPERIMENT 5.—The effect of this dose of magnesium sulphate (80 c.c. 
of 25 per cent. solution) on the blood pressure and its relation to a drop 
in cerebrospinal fluid pressure was now investigated. The same anesthesia 
(chlorbutanol) was used. The manometer was connected with a tambour in 
order that the cerebrospinal fluid pressure as well as the blood pressure 
might be graphically represexted in tracings. The results obtained, on two 
occasions, are represented by sections taken from these tracings and show a 
gradual fall in blood pressure coincident with a fall in cerebrospinal fluid 
pressure, the two running parallel (Fig. 11). 


ExperiMENnt 6.—As a final experiment, it was decided to determine the 
changes in brain volume on the administration of magnesium sulphate by 
bowel. A trephine opening was made in the parietal region of an anesthetized 
dog, and this opening was plugged up with a rubber bag filled with water 
which was connected with a tambour in order that the intracranial pressure 
could be recorded coincidentally with blood pressure tracings. Hypertonic 
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sodium chlorid solution was used on these dogs, and this caused a decrease 
in brain volume, as shown in Figure 12. In other dogs, magnesium sulphate, 
80 c.c. of 25 per cent. solution, was injected into the intestine and, outside 
of the initial rise and fall due to the operation no alteration in brain volume 
was noted (Fig. 13). 


SUMMARY 
In all the experiments on dogs, we used 80 c.c. of 25 per cent. 


solution of magnesium sulphate which, as pointed out, is a very large 
dose for an animal weighing only 13 kg. If the proportion were main- 





ewal eg i 6 RR a ef bP wneud sad 


BrainVolume 


Blood Pressure Lanai 


re) Ou 25 
Opey ation ZO MgSO y To 
v Starfed ) 





10:50 I-30 





Fig. 13—Curve in Experiment 6 after injection of magnesium sulphate, 
indicating initial rise and fall due to operation but no alteration in brain volume. 


tained, we would, in a man weighing 150 pounds (68 kg.), be using 
approximately 105 gm. of magnesium sulphate crystals. It is not 
believed that this dose would be used clinically, yet, from our experi- 
ments, it only reduced the pressure 2 mm. of mercury at most. One 
might say that our greatest reduction was 2 mm. of mercury, and this 
was in a dog with 5 mm. of mercury pressure. The reduction here 
would represent 40 per cent. of the pressure, which would be a definite 
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relief in clinical cases. It does not follow, however, that the more the 
pressure the greater the reduction, as in Figure 10, in which is shown a 
pressure of 13 mm. of mercury with a reduction of 1 mm., which is less 
than 8 per cent. of the original pressure. 


CONCLUSIONS 


The experiments conducted by us for the purpose of determining the 
effects of magnesium sulphate on intracranial pressure appear to justify 
the following conclusions : 


1, In man, 45 gm. of magnesium sulphate crystals by mouth does 
not cause a drop in cerebrospinal fluid pressure in two hours. 


2. In experimental animals, a rise of pressure is noted, following the 
opening of the abdomen and manipulation of the intestines, but this rise 
quickly disappears on replacing the bowels and closing the abdomen. 

3. A slight fall in intracranial pressure was noted in a few animals 
over a fairly long period of observation. This fall in intracranial 
pressure coincides with a continuing fall of blood pressure. 


4. Apparently, brain volume is not changed, in forty minutes, follow- 
ing the injection of a large amount of magnesium sulphate into the small - 
intestine. 


5. It appears that the brain tissue is subjected to the same dehy- 
drating effects of magnesium sulphate, when injected into the intestine, 
as the other tissues of the body. There is no experimental or clinical 
basis for assuming that the edematous brain gives up fluid more readily 
or in greater quantity after the ingestion of magnesium sulphate than 
an equivalent bulk of other extracranial tissues. Cerebral dehydration 
is probably accomplished to a very slight extent by magnesium sulphate, 
but the effect of this drug is inadequate and should not seriously be 
relied on for the reduction of intracranial pressure. 


6. The experiments show that hypertonic sodium chlorid given intra- 
venously has an effective action in reducing intracranial pressure. Spinal 
puncture effectively reduces intracranial pressure by removing the fluid 
from locations in which the pressure may have serious effects on brain 
function. This removal of fluid is accomplished without depressing 
effects on blood pressure or bodily functions as a whole. From our 
clinical experience and animal studies, we have concluded that no one 
method of treatment should be followed in all cases of acute intracranial 
pressure. Some of these cases require a subtemporal decompression, 
while, in others, spinal punctures or hypertonic sodium chlorid may be 
sufficient. In some cases, a combination of these methods gives the best 
results. 














GASTROJEJUNOCOLIC FISTULAS * 
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In this study, there were 216 cases of gastrocolic and jejunocolic 
fistulas. Two hundred and two cases were compiled from the literature ; 
twenty-one were observed at the Mayo Clinic, seven of which were 
reported by C. H. Mayo and Rankin,’ in 1921; therefore, only fourteen 
of the cases are new. In ninety-five cases, the condition was the 
result of a jejunal ulcer which developed following posterior gastro- 
enterostomy, and in 121, it was the result of. primary abdominal organic 
lesions. 

The seventy cases reported previous to 1903 originated from cancer 
of the stomach or of the colon. Haller ? reported the first case, in 1755, 
and Murchison ® the first group, which included thirty-three cases, in 
1857. Bec* reported sixty-three cases, in 1897, and Koch® seventy 
cases, in 1903. 

Four years after the first description of a jejunal ulcer, published by 
Braun,® in 1899, Czerny’ reported the first case of gastrocolic fistula, 
following a gastro-enterostomy for gastric ulcers. A resection “en bloc” 


was made of the stomach, jejunum and colon, and the gastro-enterostomy 
successfully reestablished. 

Loewy ® compiled from the literature seventy-six cases, and reported 
them in detail, in 1921. At that time, 185 cases of fistulas of various 
types had been reported. To these may be added four cases by Strauss,® 


* From the Mayo Foundation. Work done in the service of Dr. E. S. Judd. 

1. Mayo, C. H., and Rankin, F. W.: Gastrojejunocolic Fistulas Following 
Gastro-Enterostomy, Tr. South. Surg. & Gynec. A. 34:421-433, 1921. 

2. Haller, quoted by Voorhoeve (Footnote 33, p. 294). 

3. Murchison, quoted by Voorhoeve (Footnote 33, p. 294). 

4. Bec, F.: De la fistule gastrocolique, Lyons, A. Rey, 1897. 

5. Von Koch, P.: Ueber Fistula gastrocolica carcinomatosa, Arch. f. 
Verdauungskr. 9:1-29, 1903. 

6. Braun, H.: Demonstration eines Praparates einer 11 Monate nach der 
Ausfiihrung der Gastro-enterostomie entstanden Perforation des Jejunum, 
Verhandl. d. deutsch. Gesellsch. f. Chir. 28:94-97 (Part 2) 1899. 

7. Czerny, V.: Zur Behandlung der Fissur und des Vorfalls des Mast- 
darms, Beitr. z: klin. Chir. 37:765-769, 1903. 

8. Loewy, G.: Fistules jéjunocoliques par ulcére perforant aprés gastro- 
entérostomie, Paris, Desfossés, 1921. 


9. Strauss, Hermann: Fettstithle als Symptom der Fistula gastrocolica, 
Berl. klin. Wchnschr. 58:661-662 (June 20) 1921. 
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one case each by Groeschel,’° Grollman,* Hellstrom,** Noordenbos,”* 
Frankau,™ Aron,”® Philipowicz,’® de Groot,’ Saraceni,’* Pratt,’* and 
two by Brams and Meyer.” 


ETICLOGY 


It is difficult to determine the incidence of gastrojejunocolic fistulas, 
but one fact is evident from the study of the literature: fistulas due to 
cancer of the colon and stomach seem to be decreasing, whereas fistulas 
following gastro-enterostomy are increasing. This can easily be 
explained by the fact that early diagnosis and intervention in cases of 
cancer of the digestive tract have reduced the number of these large 
tumors, whereas the more frequent use of posterior gastro-enterostomy 
for gastric, and especially duodenal, lesions has increased the number 
of jejunal ulcers, which are the principal etiologic factor in gastro- 
jejunocolic fistulas. 


Fistulas due to extension of the malignancy either from the stomach 
to the colon or from the colon to the stomach are rare, developing only 
in advanced cases in which the cancer has invaded the liver and the 
abdominal lymph nodes. Bec,* who compiled sixty-three cases, found 
that cancer of the stomach had been the cause of thirty-five fistulas, 
whereas cancer of the colon accounted for eight cases. Chavannaz,”* in 
eighty-four cases, found thirty-eight gastric and only six colonic cancers 
as the cause of the fistula. Diettrich ** found that 3.75 per cent. of 


10. Groeschel, L. B.: Gastrocolic Fistula, Am. J. Roentgenol. 8:516-520 
(Sept.) 1921. 

11. Grollman, M.: Report of a Case of Gastrojejunal-Colonic Fistula, 
Long Island M. J. 15:325-328, 1921. 

12. Hellstrém, N.: Fistulae jejunocolicae pepticae, Acta chir. Scandinav. 
54:282-301, 1921. 

13. Noordenbos, W.: On the Excision of the Transverse Colon “en Masse” 
in Cancer of the Stomach, Nederlandsch Tijdschr. v. Geneesk. 1:2386-2397 
(June 17) 1922. 

14, Frankau, C. H. S.: A Case of Jejunocolic Fistula Following Gastro- 
Enterostomy, Brit. M. J. 1:184-185 (Feb. 4) 1922. 

15. Aron, quoted by Koch (Footnote 5, p. 9). 

16. Philipowicz, J.: Magenjejunumkolonfistel im Folge eines Seidenfadens, 
Jahre nach Gastroenterostomie, Zentralbl. f. Chir. 50:869-870 (June 2) 1923. 

17. De Groot, D. A.: A Case of Gastrocolonic Fistula in Cancer of the 
Stomach, Nederlansch. Tijdschr. v. Geneesk. 1:275 (Jan. 20) 1923. 

18. Saraceni: Fistola gastrodigiunale e fistola digiuno-colica, Radiol. med. 
10:217, 1923. 

19. Pratt, G. P.: Gastrocolic Fistula, Ann. Surg. 77:433-437 (April) 1923. 

20. Brams, W. A., and Meyer, K. A.: Diagnosis and Treatment of Gastro- 
jejunocolic Fistula, Surg., Gynec. & Obst. 38:646-649 (May) 1924. 

21. Chavannaz, G.: Fistules gastrocoliques, Rev. de gynéc. et de chir. abd. 
40:257, 1917. 
22. Diettrich, quoted by Neumann (Footnote 34. np. 398). 
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patients with gastric cancers, and Brinton ** that 2.7 per cent., developed 
colonic fistulas. Two of the Mayo Clinic cases were due to cancer of 
the colon perforating into the stomach, and nineteen were the result of 
a jejunal ulcer following posterior gastro-enterostomy, performed at 
the clinic in ten cases, and elsewhere in nine cases. 

The incidence of fistulas following gastro-enterostomy can only be 
determined by the number of jejunal ulcers, which the surgeon, however, 
does not always know, as he often loses sight of his patient and the 
diagnosis of jejunal ulcer is not made (some of the ulcers heal spon- 
taneously, the symptoms of which have been ascribed to hyperacidity or 
malfunctioning of the stoma). The largest number of jejunal ulcers 
was recorded by Sherren,?* who found twenty-four in 598 gastro- 
enterostomies ; the smallest by Moynihan, four in 694 gastro-enteros- 
tomies, in 1920. C. H. Mayo reported forty-seven in 3,700 cases. 
Loewy states that the number of jejunal ulcers recorded, up to 1921, 
approximated 400, seventy-six fistulas having been observed at that 
time, or one fistula for every five jejunal ulcers (19 per cent.). 


Up to January, 1924, 6,214 gastro-enterostomies, for both gastric and 
duodenal ulcers, had been performed at the Mayo Clinic; in eighty-eight 
cases, a jejunal or gastrojejunal ulcer developed (1.41 per cent.) ; ten 
(11.36 per cent.) of these patients developed a jejunocolic fistula follow- 
ing operation. This result approximates those of Bolton and Trotter,” 
who mention 10 per cent., and those of Lion and Moreau,”* who mention 
12 per cent. of fistulas developing in this manner. Sixteen-hundredths 
per cent. of all patients who had gastro-enterostomy have developed 
fistula. 

AGE AND SEX 


The age at which fistulas occur is the age during which ulcers usually 
develop. The youngest patient, one of Roux’s, was 20 years of age; 
the oldest, one of Pinner’s,”” was 66. All the patients in the Mayo Clinic 
series were between 27 and 61 years of age. 


It is remarkable that, in all the cases recorded in the literature, except 
one, the patients were males. It is known that ulcers of the stomach and 


23. Brinton, quoted by Neumann (Footnote 34, p. 398). 

24. Sherren, J.: Chronic Ulcers of the Stomach and Duodenum, Lancet 
1:691-698 (March 27) 1920. 

25. Bolton, C., and Trotter, W.: Jejunocolic Fistula Following Gastro- 
jejunostomy, Brit. M. J. 1:757-762 (June 5) 1920. 

26. Lion, G., and Moreau, C.: La fistule jéjunocolique par ulcére peptique 
de jejunum 4 la suite de las gastro-entérostomie, Rev. de chir. 39:783-896, 1909. 

27. Pinner, A. W.: Ueber die Perforation des postoperativen Ulcus jejuni 
pepticum ins Colon transversum, Berl. klin. Wchnschr. 2: 1837-1839, 1912. 
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the duodenum affect males more readily than females. Eusterman ** 
asserts that the proportion of males to females affected with gastric 
and duodenal ulcers is 3: 1, and that the proportion affected with jejunal 
ulcers is 6: 1. 

GASTROJEJUNOCOLIC FISTULAS 


Gastrojejunocolic fistulas may be divided from an etiologic standpoint 
into four groups: (1) congenital, (2) traumatic, (3) those due to 
primary lesions and (4) those due to a gastrojejunal or jejunal ulcer 
following a posterior gastro-enterostomy. Those due to primary lesions 
may occur (a) in the stomach: cancer and ulcer, or (b) outside the 
stomach: cancer of the colon, abdominal tuberculosis, and abscess of 
the abdominal cavity. 

Congenital Fistulas—The existence of congenital fistulas is 
extremely doubtful. Embryology does not furnish any basis for the 
development of such an anomaly. The only possible hypothesis is one 
of intra-uterine infection of the alimentary canal in the fetus, and even 
this is very illogical. Tosi,*® in 1858, reported the case of a young man, 
aged 22 years, who gave a history of diarrhea, emaciation and repeated 
vomiting, lasting seven years. He died and, at necropsy, Tosi found a 
gastrocolic fistula which he considered congenital because of “the length 
of the canal” and the structure of the mucous membrane. 


Traumatic Fistulas—A case of traumatic fistula following multiple 
stab wounds of the stomach and intestine was reported by LeNoir, Haret 
and Desbouis,®® in 1912. Axtell,** in 1910, ascribed to trauma the 
development of symptoms of gastrocolic fistula in a patient, otherwise 
in good health, who had frequent watery and bloody stools following a 
heavy blow to the stomach. At operation, four months after the onset 
of symptoms, a large abscess was found in the epigastrium; at first, 
there was a great amount of pus, later, fecal material, and, finally, the 
gastric contents drained through the operative wound. Later, gastrec- 
tomy was performed for gastric cancer with slight involvement of the 
colon. A communication was found leading from the colon through the 
stomach to the outside. The patient died six hours after operation. 
A similar case with communication between stomach and colon and 
abdominal wall, following posttraumatic abscess, was recorded, in 1875, 
by Dudon.*” 


28. Eusterman, G. B.: A Clinical Study of Eighty-Three Gastrojejunal 
Ulcers: Diagnosis Verified at Operation, Minnesota Med. 3:517-524 (Nov.) 
1920. 

29. Tosi, quoted by Koch (Footnote 5, p. 8). 

30. NeNoir, Haret and Desbouis, quoted by Brams and Meyer (Footnote 20). 

31. Axtell, W. H.: Gastrocolic Fistula Due to Carcinoma: Operation; a 
Case Report, Am. J. Surg. 24:190-192, 1910. 

32. Dudon: Mém et bull. Soc. de méd. et chir. de Bordeaux, 1875, p. 38, 
quoted by Koch (Footnote 5). 
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Fistulas Due to Primary Lesions.—As stated, fistulas due to primary 
lesions in the abdominal cavity are becoming unusual. Since Voor- 
hoeve’s ** study, in 1912, only seven cases of gastrocolic fistula associ- 
ated with cancer have been reported, those of Neumann,** Haudek,*® 
Burnham,** Nahan,*’? de Groot ** and Pratt.*® We are now adding two 
of our own (Cases 13 and 14). 

Since primary gastric ulcers are successfully treated medically and 
surgically, and mainly since remarkable progress has been made in the 
diagnosis of gastric lesions by roentgen ray, cases of ulcer of the stomach 
with perforation into the colon are now only rarely observed. Bec,‘ 
in 1897, reported twelve such cases; Chavannaz,”' in reviewing eighty- 
four cases of fistulas, found an ulcer as the etiologic factor in eleven. 
Elsner ** had a patient with stomach trouble of nineteen years’ duration, 
who recently had diarrhea accompanied by foul smelling vomitus. At 
operation, an ulcer was found which had perforated into the colon. A 
patient of Firth’s,*® aged 51, died following an abdominal exploration 
for stomach trouble. Postmortem examination revealed chronic gastritis, 
with an old ulcer on the lesser curvature which had perforated into the 
transverse colon. The fistula admitted three fingers. 

The majority of gastric ulcers develop on the posterior wall of the 
lesser curvature ; their attachment to the transverse colon and perforation 
is usually a slow process, and the patients generally have time to consult 
a physician; consequently the occurrence of such a fistula is rare, and 
Firth’s case is the only one reported since 1903. 

Cases associated with abdominal tuberculosis are also rare. Bec 
found one case of associated tuberculosis in sixty-three cases. Beneke *° 
reported one such case in 1848, and Thorspecken ** one in 1909. The 


33. Voorhoeve, N.: Die klinische und radiologische Diagnose der Fistula 
gastro-colica, Deutsch. Arch. f. klin, Med. 106:294-308, 1912. 

34. Neumann, R.: Magenkolonfistel mit klinischem und radiologischen 
Befunde, Fortschr. a. d. Geb. d. Réntgenstrahlen 20:398-402, 1913. 

35. Haudek, M.: Ueber den radiologischen Nachweis der Magen-Colonfistel, 
Wien. med. Wchnschr. 62:3104-3107, 1912. 

36. Burnham, M. P.: Roentgen Diagnosis of Gastrocolic and Duodenocolic 
Fistulae, Am J. Roentgenol. 4:173-179 (April) 1917. 

37. Nahan, L.: Cancer de l’estomac a évolution trés rapide, avec fistule 
gastro-colique, J. de radiol. et d’électrol. 3:458-459, 1919. 

38. Elsner, H.: Eine Dauerheilung einer Fistula gastrocolica, Miinchen. 
med. Wchnschr. 1:1386, 1903. 

39. Firth, D.: A Case of Gastrocolic Fistula, Lancet 1:1061 (May 15) 1920. 

40. Beneke, W.: Report of a Case of Intense Acute Tuberculosis: Tuber- 
culous Ulcer Perforating the Stomach from Without Inwards, Lancet 2:664, 
1849. 

41. Thorspecken, O.: Ein Beitrag zur Pathologie der Magen-colonfistel 
Mitt. a. d. Grenzgeb. d. Med. u. Chir. 19:13-23, 1909. 
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last case was diagnosed clinically; the patient died of cachexia. Kauf- 
mann,*? at necropsy, found widespread tuberculosis with stenosing 
tuberculosis of the transverse colon, and gastrocolic fistula. There were 
two chronic tuberculous ulcerations, and a subphrenic abscess of the 
stomach. Bagalekow “* reported a case of fistula following the perfora- 
tion of a subphrenic abscess into the colon and stomach. 


Fistulas Resulting from Jejunal Ulcers——Such fistulas are of great 
practical importance. They are the extreme stage of the evolution of 
these ulcers, and are caused by the same condition as the ulcers 
themselves. 

In a posterior gastro-enterostomy, the mesocolon usually lies anterior 
to the descending branch of the jejunum. If the sutures that unite 
the mesocolon to the stomach are placed rather high above the anasto- 
mosis, the colon may come in contact with the stoma itself. The jejunal 
ulcer may easily perforate the thin intestinal coat or “crawl” in the 
suture line and involve both the gastric and intestinal coats. If it meets 
the transverse mesocolon, the latter becomes infiltrated and thickened, 
and retracts, bringing the colon in contact with the ulcer ; if it meets the 
colon itself, it is temporarily retarded, due to the peritoneal reaction 
which tends to stop its progress ; it then gradually encroaches on the colon 
wall. At operation, many gastrojejunal ulcers are markedly adherent 
to the colon. If not operated on at this time, a fistula soon results from 
the progress of the ulceration. It is a remarkable fact that, immediately 
following the perforation, the jejunal ulcer is cured, the mucous mem- 
brane becomes normal in appearance, and the walls of the fistula, as 
described by Gosset,** seem as “if they had been neatly cut by a surgeon’s 
hand.” 

It is a curious fact that the original lesion, which ultimately leads to 
the formation of these fistulas, most often is a duodenal ulcer. In 
Loewy’s ® statistical review of seventy-six cases, he found twenty-seven 
duodenal ulcers, twenty-eight pyloric ulcers and ten gastric ulcers. Of 
the nineteen Mayo Clinic cases, fifteen started as duodenal ulcers, one 
as a gastric ulcer ; one patient was operated on for atony of the stomach, 
one had a history suggestive of duodenal ulcer before being operated 
on elsewhere, and one had no preoperative record. The preponderance 
of duodenal ulcers is probably due to the fact that such ulcers are more 


42. Kaufmann, J.: Bildung von Magencolon- und peptisches Geschwiir 
nach Gastro-enterostomie mit Colonjejunumfisteln; vollstandiger Verschluss 
der Gastroenteroanastomose, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 18:151-160, 
1905. 

43. Bagalekow: Les abscés sous-phrenique, Thése de Lang, Moscow, 1895. 

44. Gosset, A.: L’ulcére peptique du jejunum aprés gastro-entérostomie, 
Rev. de chir. 33:54-75; 290-316, 1906. 
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common than ulcers of the stomach and that ulcers of the stomach are 
often either excised or cauterized, whereas gastro-enterostomy has so 
far been the preferred operation for duodenal ulcers. A third cause 
might be the presence of higher hyperacidity in duodenal than in gastric 
ulcers. An important fact also, with regard to the etiology of jejunal 
ulcers, is that they have developed without any evidence of a previous 
duodenal or gastric ulcer, which suggests that they are a direct result of 
gastro-enterostomy. 

Exclusion of the pylorus is a predisposing factor in the formation of 
jejunal ulcers. Such cases have been reported by Haberer,*® Carman,*® 
and Keppich,*’ 

PATHOLOGY 


Fistulas, in cases of carcinoma of the colon or stomach, are part of 
the tumor itself ; they are lined by tumor cells whose size, shape, direction 
and number vary considerably according to the size, shape and location 
of the tumor. Fistulas following the perforation of a jejunal or 
gastrojejunal ulcer are essentially different. They correspond to a 
fairly well defined type. During their formation, that is, while the 
jejunal ulcer is perforating the intestinal coats, there may or may not 
be a localized peritoneal reaction. This will partly determine the extent 
of the adhesions which will be found at operation. One of Gosset’s 
patients did not exhibit the slightest trace of adhesions; the colon and 
jejunum, united by their fistulous communication, were freely movable 
in the abdominal cavity. In one of the Mayo Clinic cases (Case 11), 
there was only moderate reaction. Clairmont ** reports that he had 
much trouble in reaching the fistula in one of his cases, the stomach, 
jejunum, colon and fistula forming a thick mass. The extent of the 
adhesions depends not only on extension of the localized peritonitis, 
but also on the character of the penetration of the jejunal ulcer and on 
the mode of formation of the gastro-enterostomy, especially the fixation 
of the mesocolon to the stomach. 

The fistula may be gastrocolic, jejunocolic or gastrojejunocolic. 
Usually the ulcer develops on the wall of the jejunum opposite the 
gastro-enterostomy stoma; it often involves both gastric and intestinal 


45. Von Haberer, H.: Ulcus duodeni und postoperatives peptisches Jejunal- 
geschwiir, Arch. f. klin. Chir. 100:413-566, 1918. 

46. Carman, R. D.: The Roentgen Diagnosis of Diseases of the Alimentary 
Canal, Ed. 2, Philadelphia, W. B. Saunders Company, 1920. 

47. Keppich, J.: Ueber das Ulcus pepticum jejuni nach Pylorusausschaltung, 
Zentralbl. f. Chir. 48:118-122 (Jan. 29) 1921. 

48. Clairmont, P.: Ausgedehnte Resektionen wegen Magenkolonfistel, Wien. 
klin. Wehnschr. 31:285, 1918. Clairmont, P., and Hadjipetros, P.: Die Opera- 
tion der Magenkolon-Fistel nach Gastroenterostomie, Miinchen. med. Wchnschr. 
2:1067-1071, 1918. 
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sides of the suture line. Cases have been reported in which the ulcer 
developed 10 cm. (Gossett) and 8 cm. (Bolton and Trotter) from the 
stoma, and yet produced a fistula. 

Fistulas are almost without exception single, possibly because jejunal 
ulcers are generally single, but several cases of multiple jejunal ulcers 
have been reported. Such cases may give rise to one fistula, the other 
ulcers usually developing near each other, as in Pinner’s and von Eisels- 
berg’s *® patients, who both had a fistula and four jejunal ulcers; they 
may give rise to two fistulas (Kaufmann and Gosset) ; or, as in one 
case of Lion-Neélaton’s *° and one of Barling’s,®* there may be one fistula 
and near it a jejunal ulcer perforating into the abdominal cavity and 
causing acute general peritonitis with death. 

The direction, length and width of the fistulas are variable. Some- 
times, jejunum and stomach are in close contact, in which case there 
is almost no length to the fistula; at other times, there will be a small 
cavity between the organs. Spassokukozki** reported a case in which 
the cavity was 2 cm. in diameter. The width varies from 1 mm. to 8 or 
10 cm. (May ™*). The orifice may be hidden in folds of the mucosa, 
constituting a valvelike apparatus which may at times complicate the 
symptoms. 

The mucous membrane covering the fistulous tract is usually not 
markedly abnormal. There is no ulceration; the surface is smooth, and 
glands are regularly disposed; the edges on the intestinal side are 
usually smooth, but on the colon side may be somewhat indurated. 


The efferent branch of the jejunum is often dilated, sometimes to 
a considerable extent, congested, thickened and hypertrophied, due to 
the constant irritation, at first by the acid contents of the stomach, and 
later by the fecal material from the colon, which bring about lesions of 
enteritis and prolong the diarrhea. 

The colon is sometimes narrowed at the point of opening of the 
fistula ; the stricture may be so marked as not to admit the little finger 
(Czerny), resulting in the considerable distention occasionally found in 
the cecum which produces signs of intestinal obstruction, sometimes so 
extensive that they lead to erroneous diagnoses. In order to relieve the 
symptoms of cbstruction, a partial colectomy, or at least a temporary 
surgical procedure such as cecostomy, may be necessary. 


49. Von Eiselsberg, quoted by Loewy, 1909. 
50. Lion-Nélaton, quoted by Lion and Moreau (Footnote 26, pp. 887-891). 


51. Barling, H. G.: Note on a Case of Peptic Ulcer Opening into the 
Transverse Colon, Brit. J. Surg. 5:343-345 (Oct.) 1917. 


52. Spassokukozki: Das peptische Geschwiir nach Gastroenterostomie, 
Zentralbl. f. Chir. 37:345-346, 1910. 
53. May, quoted by Cividali (Footnote 55). 


en 





—— a oT 
RENT ne 


“ a ee ee 
pt nn ee 











ARCHIVES OF SURGERY 


SYMPTOMS 


The period of evolution of gastrojejunocolic fistula is preceded by 
the symptoms of the associated lesion. In cancer of the stomach or 
colon, the usual symptoms of these diseases occur, which at one time or 
another may be followed by pain, sometimes fairly severe, depending on 
the amount of perforation, on the perigastritis which ensues, and finally 
on its penetration into the other organ, which later gives rise to the 
syndrome characteristic of gastrocolic fistulas. 

There are four periods in the formation of a fistula following 
gastro-enterostomy: 1. That of the development of ulcer. 2. The period 
of relief obtained following gastro-enterostomy, which may last from 
one week to ten years, but usually between six and twelve months. 
In this series of cases, the minimum was three weeks and the maximum 
ten and one-half years. 3. That of the progress of the jejunal ulcer, 
which may not exist and the fistula develop without any preliminary 
symptoms. The minimal duration of jejunal ulcer symptoms, in our 
cases, was nine months, and the maximal five years. 4. That of the 
fistula itself, which may begin from two and one-half months (von 
Eiselsberg) to twelve years (Roux) after gastro-enterostomy. In our 
cases, the minimal interval was nine months and the maximal five years 
and four months. 

The onset of the fistula varies. A man, apparently in good health 
or else complaining of symptoms of jejunal ulcer, suddenly develops 
diarrhea; another patient complains of sudden abdominal cramps and 
colics accompanied by vomiting of fecal material, or the onset is insidious. 
Patients first notice foul eructations, soon followed by loss of weight, 
and diarrhea. 


Diarrhea.—The most constant of all symptoms and the most impor- 
tant because of its marked influence on the patient’s general health is 
diarrhea ; it often is the first to appear. Its characteristics are persistency 
and frequency of the bowel movements, from ten to twelve a day, usually 
occurring between two and three hours after meals and often at night, 
and containing, in rare cases, undigested food, which has passed directly 
from the stomach to the colon. Bec noted the latter in only six of sixty- 
two cases, as the flow of material from the colon to the stomach is 
usually more marked than the reverse process, and if the pylorus is 
intact or if the gastro-enterostomy stoma functions well, food will 
follow its normal course ; a large fistulous opening will, of course, favor 
the production of lientery, although May’s patient, whose fistula was 
about 8 cm. in diameter, did not exhibit this symptom. The stools are 
usually yellow, at times watery, with a strong, foul odor; their acid 
reaction is due either to gastric secretions or to fatty acid; they contain 
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neutral fats. Strauss® and Arons** emphasize the importance of 
searching for fat in the stools in suspected cases of gastrocolic fistulas ; 
Strauss says that it is an early symptom and should be given great atten- 
tion in cases in which the pancreas is not disturbed in its external 
secretion. This type of diarrhea is very little influenced by medication. 
Bolton and Trotter assert that if there is any pain, it diminishes as the 
diarrhea increases. In the series of nineteen cases, this symptom was 
present in thirteen ; it was the first symptom in seven. Lienteric stools 
were noted in three. 


Eructation——Foul, gaseous eructation occurs, in many cases, and is 
of diagnostic value. Its odor is disagreeable to the patient, although at 
times it may be only noticed by others; it occasionally is accompanied 
by regurgitation of fecal material; it usually appears a few days before 
the onset of vomiting and sometimes is present when vomiting is absent, 
if the fistulous opening allows the passage of gas only. Enemas or the 
injection of air into the rectum for diagnostic purposes increase its 
manifestations ; repeated gastric lavages do not prevent it. One of our 
patients complained of tasting medicine used in enemas. 


V omiting.—Vomiting of fecal material was not a common occur- 
rence. Whereas belching of foul gas was noted in eleven cases, vomiting 
of fecal material occurred in only five. When it exists, in the absence 
of symptoms of intestinal obstruction, it is pathognomonic of the dis- 
ease. The vomitus then contains material similar to that in diarrhea, 
sometimes in great quantities. One of the patients vomited two thirds 
of a liter of fecal material. Vomiting is increased by large enemas; is 
decreased by frequent gastric lavages and by the administration of solid 
food. It sometimes is intermittent in character, usually stopping when 
the patient is constipated and recurring when he has diarrhea. The 
presence of a valve at the outlet of the fistulous tract may prevent it 
entirely just as the presence of curves in the direction of the fistula 
may prevent it in certain positions and allow it in others. When the 
pylorus is obstructed, alimentary vomiting, rather than fecal will occur; 
in such instances, if a fistula is suspected, the search for indol and 
stercobilin may be of value. 


Pain.—Pain is rare, inconstant and variable. It may be due to three 
factors, the most important being the evolution of the jejunal ulcer. 
When this is the cause, it usually occurs slightly to the left of the 
umbilicus. Stricture of the colon may give rise to fairly severe colics, 
at times requiring morphin. In a few cases sharp, sudden attacks of 
pain have occurred in the abdomen slightly above the umbilicus, due 


54. Arons, H.: Zur Friithdiagnose der Fistula gastrocolica, Deutsch. med. 
Wehnschr. 48:771-772 (June 9) 1922. 
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possibly to the perforation of the jejunal ulcer; these attacks are some- 
what similar to those which occur in the perforation of gastric ulcers. 
A similar symptom was exhibited in Case 1. 


Loss of Weight—Loss of weight is often marked, and patients are 
likely to become emaciated, dehydrated and weak. Two patients had 
lost more than 60 pounds (27.2 kg.) in two years. This symptom 
increases the operative risk considerably, and unfortunately at times all 
efforts to increase the patient’s weight may be futile. The appetite is 
usually normal. 


Physical Signs —Physical signs are of secondary importance because 
of their great variability. Abdominal palpation is usually negative unless 
postoperative adhesions form a palpable mass. Tenderness also is a 
very unreliable symptom. There was visible peristalsis in Case 1. This 
symptom belongs to a group which accompanies stricture of the colon, 
at times noticeable in gastrocolic fistulas; with this there is slight 
abdominal distention, marked peristalsis, dulness and clapotage in both 
flanks, due to the exaggerated dimensions of the distended cecum and 
descending colon. 

DIAGNOSIS 


Marked wasting without apparent cause, abdominal discomfort or 
pain (usually associated with a previous history of jejunal ulcer), fecal 
smelling eructations, fecal vomiting without evidence of obstruction, or 
alimentary vomiting in which the presence of stercobilin and indol can 
be demonstrated, intermittent diarrhea containing at times some undi- 
gested food, fats, undigested muscle fibers and hydrochloric acid, and 
finally a syndrome of colonic obstruction (if a patient has previously 
undergone a gastric operation) will easily lead to the diagnosis of 
gastrocolic or jejunocolic fistula. If these symptoms are not present, 
a simple diagnostic procedure may be of aid, such as the use of colored 
meals which appear rapidly in the stools; the recovery of colored 
material by gastric tubage after a colored enema; insufflation of the 
rectum provoking a rapid distention of the stomach (magenblase) ; 
gastric lavage producing loss of fluid, and especially the roentgen-ray 
examination. Firth considers the roentgen-ray examination adequate 
for the diagnosis of gastrocolic fistula. Such examination was made in 
twenty of the series of twenty-one cases; it was positive in eleven, 
doubtful in one case, and negative in eight cases. A clinical diagnosis 
was made in thirteen ca$es ; seven cases uot diagnosed clinically had not 
been diagnosed by roentgen ray. Cividali®® sums up the roentgen-ray 
findings in the following points: irregular contour of the stomach; 


55. Cividali, A.: Contributo alla diagnosi delle fistole gastro-coliche, Poli- 
clinico 27:301-310 (Oct.) 1920. 











VERBRUGGE—GASTROJEJUNOCOLIC FISTULAS 801 


signs of perigastritis with limited mobility of the stomach; passage of 
bismuth in the colon; presence of bismuth in the descending colon and 
sigmoid, and absence in the ascending colon ; possibility of provoking the 
passage of bismuth from the colon into the stomach by palpation, and 
presence of bismuth in the stomach following a bismuth enema. 

Differential Diagnosis —Lion-Nélaton ©° diagnosed as “incomplete 
intestinal obstruction” a case exhibiting the physical signs of intestinal 
obstruction in which he later found no obstruction but a gastrocolic 
fistula following gastro-enterostomy. Acute peritonitis is usually accom- 
panied by severe pain, marked abdominal symptoms and fever. 
Wendel * reports a case of a patient who gave a history of foul smelling 
belching, fecal vomiting and diarrhea shortly after a gastro-enterostomy. 
At operation, no fistula was found but a deficient ileocecal valve, on 
which he performed a plastic operation which cured the patient. 


EVOLUTION AND PROGNOSIS 


The evolution of the fistula is progressive, and the outcome is usually 
fatal unless there is surgical intervention. In a series of seventy-six 
cases reported by Loewy, eleven patients who were not operated on 
died. The symptoms may last several years (Gosset), and periods of 
remission may occur during periods of constipation when there is no 
fecal vomiting ; the patient gains in weight and strength. Menuet * cites 


a case of spontaneous closure but the case is doubtful, data concerning 
it being recent, and the roentgen-ray diagnosis the only proof of the cure. 

MacKenzie and Battle,°* Carman *® and Wright ® have reported 
recurrences of jejunal ulcers. Fistulas also recur. Loewy found a 
definite recurrence in 11.1 per cent., and suspicious symptoms of recur- 
rence in 17.4 per cent. of his cases. 


TREATMENT 


Prophylactic measures are very important in the prevention of 
jejunal ulcers, which are the most common cause of gastrojejunocolic 
fistulas. These measures can be summarized as: (1) strict diet follow- 
ing gastro-enterostomy to prevent ulcers; (2) proper administration of 
alkalis, and (3) moderation in habits and living. 


56. Wendel, A. V.: Some Observations on the Postoperative Morbidity of 
Gastric and Duodenal Ulcer, Am. J. Surg. 34:101-105 (April) 1920. 

57. Menuet, M.: Fistule gastrocolique, Examen radiologique avant et aprés 
l’intervention, Presse méd. 2:863, 1911. 

58. MacKenzie, H. W. G., and Battle, W. H.: Some Remarks on Intussus- 
ception, Lancet 1:215-216 (Feb. 9) 1918. : 

59. Wright, Garnett: Secondary Jejunal and Gastrojejunal Ulceration, Brit. 
J. Surg. 6:390-401, 1918. y 
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If a definite diagnosis of fistula is made, operation is indicated. Pre- 
operative treatment is sometimes advisable, but should not be continued 
too long on account of the gradual wasting of the patient. It should 
consist in the administration of fluids by mouth, by rectum, and sub- 
cutaneously, if necessary, in attempts to check the diarrhea, and daily 
gastric lavage. Enemas should be avoided. 


Operative procedures should be as simple as possible. The simple 
closure of the fistula and the undoing of the gastro-enterostomy, which 
is usually poorly tolerated, have given the best results in cases in which 
the pylorus is not obstructed; if there is obstruction, a new gastro- 
enterostomy can be made. Sometimes, adhesions are too extensive to 
permit any procedure but a “bloc” resection. In some cases, if a marked 
stricture has taken place, resection of the colon is necessary. Bolton and 
Trotter advise the use of a temporary cecostomy in order to prevent the 
accumulation of flatus in the colon above the suture line. Clairmont ** 
has performed a special operation, consisting in wide resection of all 
parts affected by the fistula, followed after “mobilization of the ascending 
portion of the duodenum” by jejunojejunostomy, gastrojejunostomy 
and colocolostomy, but it has been universally abandoned on account of 
its difficulty and danger. According to Loewy’s statistics in sixty-three 
operations of all kinds, there were 61.9 per cent. of cures, 11.1 per cent. 
of definite recurrences, and 27 per cent. of deaths. 


SUMMARY OF CASES 


Twenty-one cases of gastrojejunocolic fistulas have been observed 
at the Mayo Clinic (seven cases previously reported); two were 
associated with a carcinoma of the colon, and nineteen were the result 
of a gastrojejunal ulcer which developed after posterior gastro- 
enterostomy. All the patients were males. Their as. .uried from 27 to 
64 years, the average age being 4414 years. The etiologic factor, in the 
second group, was a duodenal ulger in sixteen cases, gastric ulcer in one, 
atony of the stomach in one, and, in the other, the primary disease was 
not known. 


The symptoms of the fistula could not always be distinguished from 
those of the jejunal ulcer, but, in two cases, diarrhea was the first symp- 
tom. The duration of the period of relief following gastro-enterostomy 
ranged from three months to ten and one-half years, the average dura- 
tion being three and one-half years. The outstanding symptoms were 
diarrhea, thirteen cases; fecal vomiting, eleven cases; gaseous eructa- 
tions, eleven cases; pain, nine cases, and visible peristalsis, one case. 
Operation was performed in twenty cases; in four cases, partial resec- 
tions of the transverse colon were made; in fifteen, the fistula was closed ; 
in eleven, the old gastro-efiterostomy was cut off; in four, a new one 
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was made; in two, the old gastro-enterostomy was reestablished; in 
three, partial resection of the jejunum was performed; in two, pyloro- 
plasty, and, in one, jejunostomy and cecostomy. Five patients died: two 
following the resection of the colon for carcinoma, one from acute 
nephritis two years after operation, one from general peritonitis and 
bronchopneumonia, and one from an indefinite cause. One patient 
refused operation, and has not been heard from since. The other 
fifteen patients recovered, and none has complained of definite signs of 
recurrence. 


REPORT OF CASES 


Case 1—A man, aged 61, registered at the clinic, Dec. 16, 1921. He had 
visited the clinic in 1914, when he gave a long, perfect history of duodenal 
ulcer, diagnosis of which was confirmed by the roentgen-ray examination and 
at operation; a posterior gastro-enterostomy was performed. He had felt 
well until one year before the second admission, when he had a sudden, sharp 
colic in the lower part of the abdomen, with some rigidity but no nausea 
or vomiting; the spell lasted two hours. He had several mild spells after- 
ward, but not until two months before admission did he have another severe 
spell, which was accompanied this time by considerable vomiting. There had 
not been any diarrhea; the loss of weight was 10 pounds (4.5 kg.) in one year. 

Physical examination revealed a visible peristalsis and some gurgling just 
above the umbilicus. The hemoglobin was 73 per cent. Total acidity was 60, 
and free hydrochloric acid, 45. The roentgen-ray diagnosis was gastrojejunal 
ulcer, and the colon was full of barium at the end of seventy-two hours. 

The findings at operation, performed December 22, were a gastrojejunal, 
a jejunal and a duodenal ulcer, and a gastrojejunocolic fistula with a small 
opening in the transverse colon. The three ulcers were excised with the knife. 
The gastro-enterostomy and the fistula were closed and a Finney pyloroplasty 
performed. In January, 1922, the patient was at home and improving 
satisfactorily. 


Case 2.—A man, aged 50, registered at the clinic, March 15, 1920. In 1916, 
W. J. Mayo had made a posterior gastro-enterostomy for a duodenal ulcer 
which had given the patient trouble for twenty-five years. The operation 
afforded complete relief until 1919, when he had considerable pain, coming on 
independently of meals and relieved by soda; the pain was situated lower 
than previously and to the left of the umbilicus. The patient had not lost 
any weight. 

Total acidity of the stomach was 38; free hydrochloric acid, 22. A gastro- 
jejunal ulcer was diagnosed both clinically and by roentgen ray. Operation 
was refused by the patient. The symptoms continued in spite of Sippy treat- 
ment, which gave only partial relief. Two weeks before readmission, the 
pain became more severe, starting in the left iliac fossa and radiating to the 
right under the umbilicus. Physical examination was negative. Hemoglobin 
was 68 per cent.; the total acids were 62; free hydrochloric acid was 49. 
The roentgen-ray examination revealed a gastrojejunal ulcer. 

At operation, performed April 11, 1922, the patient was found to have a 
gastrojejunal ‘ulcer with a gastrojejunocolic fistula and marked postoperative 
adhesions. The ulcer was excised with the knife; the fistulas in the stomach, 
colon and jejunum, of which a partial resection had to be made, were closed. 
followed by an end-to-end anastomosis. 
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The patient came back to the clinic, May 8, 1923, complaining of periodic 
recurrences of distress from peptic ulcer, with pain from one to one and one- 
half hours after meals, relieved by food and alkalis. The roentgen-ray exami- 
nation of the stomach at that time was indeterminate, but the pylorus was 
open, and there was no evidence of obstruction. Medical treatment afforded 
some relief. 


Case 3.—A man, aged 40, came to the clinic, April 27, 1922. In 1920, gastro- 
enterostomy had been made elsewhere for duodenal ulcer. For six weeks 
afterward, the patient complained of a dull ache in the epigastrium with some 
belching at times. He was then relieved of these symptoms until one year 
later, when the pain recurred, this time more marked, to the right of the 
median line in the epigastrium; relief was obtained by lying on the stomach. 
Three weeks before admission, he noticed a “nasty taste in the mouth.” There 
had been no vomiting or nausea, and only a slight loss of weight. 

Physical examination revealed a slight tenderness on deep pressure in the 
left lower part of the epigastrium. Hemoglobin was 75 per cent.; the total 
acids were 58; free hydrochloric acid was 44. There was no retention. 
Roentgen-ray examination of the stomach revealed a gastrojejunal ulcer with 
possible perforation into the colon. 

At abdominal exploration, May 10, 1922, a gastrojejunal ulcer with a 
gastro-jejunocolic fistula was found. The gastro-enterostomy was cut off, the 
fistula closed, and a new gastro-enterostomy of the Roux type made. A few 
weeks afterward, the patient had three spells of severe pain in the upper part of 
the abdomen with distress and fever. He gradually improved and, in February, 
1924, he reported that he was feeling much better. 


Case 4.—A man, aged 44, came to the clinic, Sept. 1, 1922. Fifteen years 
previously, the patient had complained of intermittent epigastric distress, 
occurring, as a rule, about 4 p. m., which was relieved by vomiting and soda. 
There had been some hematemesis and melena on one occasion. He first 
came to the clinic in 1917, at which time a duodenal ulcer was diagnosed, 
and found when gastro-enterostomy was performed. The patient had felt 
well until two years before admission, when he had a gastric hemorrhage. 
A year later, he had a sudden onset of diarrhea, which had persisted. There 
were from four to six bowel movements a day. The most annoying symptom 
was the belching of gas of a foul, fecal odor. The patient lost 12 pounds 
(5.4 kg.) in a year, although his appetite had increased. 

Physical examination revealed a slightly tympanitic abdomen. The hemo- 
globin was 70 per cent.; total acidity was 60, and free hydrochloric acid, 40. 
Smears of gastric contents contained a staphylococcus and Bacillus proteus. 
Roegtgen-ray examination of the colon revealed that the descending colon was 
greatly dilated, and that barium was flowing from the splenic flexure into the 
stomach. 

The patient was operated on, Sept. 13, 1922. A perforating gastrojejunal 
ulcer with a gastrojejunocolic fistula was found. A good deal of edema and 
dilatation of the distal loop of the intestine from the gastro-enterostomy was 
noticed. A knife excision of the ulcer, cutting off of the gastro-enterostomy, 
and closure of the fistula were made. The patient died the day following, 
after two transfusions had been given. Postmortem examination disclosed a 
slight hemorrhage into the peritoneal cavity and a right hydrothorax. 

Case 5.—A man, aged 38, registered at the clinic, Sept. 22, 1922. He had 
suffered typical symptoms of duodenal ulcer for sixteen years, when, in 
December, 1920, a posterior gastro-enterostomy with excision of a duodenal 





VERBRUGGE—GASTROJEJUNOCOLIC FISTULAS 805 


ulcer, by Balfour’s method, was performed at the clinic. The patient made 
an uneventful recovery and felt very well until January, 1922, when he experi- 
enced pain at the level of the umbilicus, with nausea and vomiting, usually 
from one to three hours after meals; these symptoms were not relieved by 
a milk diet. The patient had diarrhea for a few days at the onset of his 
trouble. There had been no fecal odor to the belching or vomiting. He had 
lost 19 pounds (8.6 kg.) in weight in nine months. 

Physical examination was negative. The hemoglobin was 71 per cent.; total 
acidity was 62, and free hydrochloric acid, 42, with retention. The roentgen- 
ray examination revealed a gastrojejunal ulcer with an enlarged stomach. 
The clinical diagnosis was gastrojejunal ulcer and possibly a fistula, due to 
the short spell of diarrhea at the onset. 

At operation, October 5, a gastrojejunal ulcer with a gastrojejunocolic 
fistula was found. The jejunum was tremendously dilated for 2 or 3 feet 
(from 60 to 91 cm.) distal to the anastomosis. The gastro-enterostomy was 
cut off, the fistula closed, and a knife excision of the gastrojejunal ulcer made. 
The patient went home in excellent condition, but unfortunately could not be 
located afterward. 


Case 6.—A man, aged 40, registered at-the clinic, Jan. 22, 1923. He had 
visited the clinic previously, in 1921, giving a history of intermittent stomach 
trouble of thirteen years’ duration. This caused a burning, gnawing sensation 
with hunger pains, occurring about one and one-half hours after meals, which 
were relieved by food and soda. There had also been some diarrhea for two 
weeks. 

The acids were 54 and 42. A duodenal ulcer was diagnosed clinically 
and by the roentgen ray. A posterior gastro-enterostomy was performed and 
the appendix removed, secondarily. The patient then felt well for four months, 
but ever since had experienced some pain in the left side of the epigastrium. 
Pain was not affected by eating, and was relieved by the administration of 
alkalis. The diarrhea (which had started before the gastro-enterostomy) 
continued. There was no vomiting or belching. 

Physical examination was negative; the hemoglobin was 73 per cent., and 
the acids, 74 and 64. Roentgen-ray examination revealed a possible gastro- 
jejunal ulcer with communication between the colon and stomach; the cecum 
did not fill very well. The patient was operated on, February 14. A gastro- 
jejunal ulcer and a gastrojejunocolic fistula were found; the fistula varied from 
1 to 1.5 cm. in diameter. There was a stricture into the colon at the site 
of the fistula; it could easily admit two fingers. The ulcer was excised, the 
fistula closed, and the gastro-enterostomy repaired. 

The patient visited the clinic again, in August, 1923. He felt much better; 
he had gained in weight, and the diarrhea had been checked. 


Case 7.—A man, aged 47, registered at the clinic, April 3, 1923. Seventeen 
years before admission, he underwent a gastro-enterostomy elsewhere for a 
duodenal ulcer that had given him trouble for many years. Six years later, 
there was an acute perforation, and he was operated on again elsewhere, but 
the nature of the operation was not known. Then followed a period of six 
or seven years of intermittent intestinal bleeding accompanied by some pain. 
Six months previous to admission, he had a third operation, which he thought 
was probably’ the removal of a gastrojejunal ulcer, which had bled quite 
severely before, and a drainage of the gallbladder. He felt well for ten weeks, 
and then began having a generalized drawing pain in the abdomen, with 
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frequent vomiting, retentive in character. He was constipated and had diarrhea 
at times. There had been only a slight loss of weight. 

Roentgen-ray examination of the stomach revealed a gastrojejunal ulcer. 
At operation, April 7, a gastrojejunal ulcer and a gastrojejunocolic fistula 
were found. The stomach was dilated, and there were many recent inflam- 
matory changes around the pylorus, apparently due to subacute ulcer on the 
anterior wall of the duodenum. The opening of the fistula was the size of 
a pin-point. A posterior operation was performed after closure of the fistula 
and the old gastro-enterostomy. 

In November, the patient stated that he was getting along well and 
gaining weight, and complained only of very occasional nausea and vomiting. 

Case 8—A man, aged 31, came to the clinic. He had had a posterior 
gastro-enterostomy for duodenal ulcer in 1921. There had been a definite 
history of duodenal ulcer prior to operation. After operation, the patient was 
in excellent health until six months before admission to the clinic. His first 
symptom was a sudden diarrhea with from six to fourteen bowel movements 
in twenty-four hours. The stools were watery, “corn meal” like in appearance, 
and at times contained food particles which had been ingested from two to 
four hours before. He often belched foul, fecal tasting gas and vomited when- 
ever efforts were made to control the diarrhea. The vomitus was always fecal 
in character. He also tasted medicines used in enemas. He had had slight 
pain in the right side of the upper part of the abdomen. His appetite was - 
very good, yet he had lost about 10 pounds (4.5 kg.) in six months. 

The hemoglobin was 78 per cent.; total acidity was 50, and free hydro- 
chloric acid, 30. Roentgen-ray examination revealed a gastrojejunal ulcer with 
a fistula from the colon to the stomach, opening proximally to the splenic flexure. 

The patient was operated on, July 17, 1923, when a gastrojejunal ulcer and 
a gastrojejunocolic fistula were disclosed. The duodenal ulcer was healed. 
There was also a hydrops of the gallbladder. The ulcer was excised, the 
fistulous opening in the colon closed, the old gastro-enterostomy cut off, and a 
new one made. Eighteen days later, the patient was dismissed after an 
uneventful recovery. 


Case 9—A man, aged 41, registered at the clinic, April 27, 1923. He had 
been at the clinic in 1916, when he gave a definite history of duodenal ulcer, 
with a positive roentgen-ray report. The report of operative diagnosis was 
typical duodenal ulcer, situated 1.87 cm. below the pylorus, with stippling, 
peritontitis and scar tissue, cholecystitis and mesocolic band. 

Posterior gastro-enterostomy (all catgut) and cholecystectomy were per- 
formed and the large mesocolic band was divided. The patient went 
home. He felt well until the summer of 1921, when marked, occasional 
diarrhea with gas appeared. Within a few weeks, he lost more than 55 pounds 
(24.9 kg.). The bowel condition forced him to stop work. 

Abdominal examination was negative. Total acidity was 80, and free hydro- 
chloric acid, 60, with retention. Roentgen-ray examination of the stomach 
revealed a gastrojejunal ulcer and a gastrojejunocolic fistula. 

At operation, Oct. 20, 1923, both lesions were found. The jejunum was 
enormously distended. The fistulous opening in the colon was very large, and 
a resection of the large and small intestines with end-to-end anastomosis had 
to be made. In order to give the different anastomoses the best chance to 
heal, jejunostomy was performed. 

In January, 1924, the patient came back on a visit in very good condition, 
having gained considerably in weight. 
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Case 10.—A man, aged 59, came to the clinic, Dec. 18, 1923. He had had 
a posterior gastro-enterostomy for duodenal ulcer at the clinic in 1912, and 
was apparently free from symptoms until the summer of 1922, when he was 
suddenly seized with diarrhea, which later alternated with constipation. This 
symptom was worse at night, when he would have from ten to twelve stools. 
There was no vomiting or belching or pain. He lost 10 pounds (4.5 kg.) in 
weight in two months, although his appetitite remained good. 

General examination was essentially negative; the total acidity was 48, 
and the free hydrochloric acid, 28; the stomach contained some barium which 
had been injected by rectum a few hours before roentgen-ray examination, 
which revealed a gastrocolic fistula in the colon. 

The patient was operated on, December 27. When the peritoneal cavity 
was opened, the upper part of the abdomen was found to be a solid mass of 
adhesions, which made it difficult to reach the fistula; the opening in the colon 
was large. A partial resection of the jejunum and colon with end-to-end 
anastomosis was performed. A cecostomy and a jejunostomy were made in 
order to relieve the sutures from tension and for feeling purposes, in case 
the pylorus, which was somewhat tight, should become obstructed. The patient 
reacted well from the operation, but died on the seventh day. Postmortem 
examination disclosed generalized peritonitis and bilateral pneumonia. 


Case 11—A man, aged 43, came to the clinic, March 19, 1924. A perforating, 
gastric ulcer, situated on the lesser curvature, had been cauterized by Balfour’s 
method in 1921, and a posteriox gastro-enterostomy performed. The patient 
was without symptoms until December, 1922, when he had a spell of “burning 
dyspepsia,” which lasted two weeks. Nine months before admission, he had 
a similar spell, but of six months’ duration. His last spell, which started in 
January, 1924, was still active on admission. The pain was a constant burning, 
relieved by soda and food and induced vomiting. One week before admission, 
he began to vomit dark brown material “like feces.” His bowels were con- 
stipated. There had been considerable loss of weight. 

General examination was almost negative; the hemoglobin was 75 per cent.; 
the total acidity, 20; there was no free hydrochloric acid. Roentgen-ray 
examination of the colon revealed a gastrocolic fistula. On account of his 
great weakness and marked dehydration, the patient was placed on a pre- 
operative treatment, consisting of subcutaneous injection of saline solution and 
stomach lavages twice a day, which almost always brought back fecal material, 
sometimes as much as two thirds of a liter. The patient improved only very 
little. He gained almost no weight. 

At operation, April 19, a large stoma was found, connecting the colon, 
stomach and jejunum. These organs were separated and their orifices closed. 
The pylorus was patent. A large crater-like ulcer was found on the lesser 
curvature, but on account of the patient’s general condition, it was left alone. 
The patient is now under medical management for ulcer, and is feeling better 
and gaining weight steadily. 

Case 12—A man, aged 41, came to the clinic, May 19, 1924. A gastro- 
enterostomy for duodenal ulcer had been performed on this patient elsewhere, 
about seven years before. Four months later, he started to complain of brief 
spells of pain at the old site, in the middle of the epigastrium, coming on 
at intervals of: between one and two months; the pain appeared from one-half 
to one hour after meals, and was eased by food and soda. The patient had no 
very marked complaint until April, 1923, when he began to have spells of 
diarrhea, beginning invariably at 8 or 9 p. m., and lasting between three and 















808 





ARCHIVES OF SURGERY 





four hours. These spells had become more constant and severe during the 
last six months; sometimes the bowels moved every fifteen or twenty minutes 
for from two to three hours. The stools were watery at times, small in 
amount, without blood or mucus, but of bad odor, light color, and sometimes 
lienteric in type. The patient lost almost 40 pounds (18.1 kg.) in six months. 

Physical examination was negative. The hemoglobin was 71 per cent.; the 
total acids were 42, and the free hydrochloric acid, 26. The roentgen-ray 
examination revealed a gastrojejunal ulcer and a gastrojejunocolic fistula. 
Operation was refused by the patient. 


Case 13.—A man, aged 64, registered at the clinic, Jan. 6, 1922, for the 
third time. The previous diagnosis had been indefinite, except for early signs 
of central nervous system syphilis, which was being treated with arsphenamin. 
Intermittent sharp colics, difficult to locate, but especially localized in the upper 
part of the abdomen, were the patient’s chief complaint. During his last 
spell, about eighteen days before admission, he had a terrific pain in the 
epigastrium, which had required morphin. There had been a tendency toward 
constipation, but no diarrhea. Vomiting of alimentary material was only an 
occasional feature. The patient had only lost a few pounds in several months. 

Physical examination revealed a mass in the middle of the upper part of the 
abdomen. The patient was obese, weighing 220 pounds (99.7 kg.). The blood 
pressure, urine and blood were normal. Roentgen-ray examination of the colon 
revealed a filling defect in the transverse colon. The sigmoidoscopic examina- 
tion was negative. No clinical diagnosis of fistula was made. 

January 12, a partial gastrectomy and resection of 30 cm. of transverse colon 
were made for a large, ulcerated, necrotic, annular carcinoma (6 by 2 cm.) 
with extensive involvement of the serosa and mesocolon, which had perforated 
into the stomach. 

A year later, the patient developed a fecal fistula, which was closed 
surgically. Heavy doses of radium and roentgen-ray treatment did not 
prevent a rapid and extensive spread of the malignancy, and pneumonia finally 
resulted, causing the patient’s death, March 27, 1923. 


Case 14—A man, aged 64, registered at the clinic, Sept. 28, 1920. For 
seven months, he had been complaining of sharp pains in the epigastrium of 
short duration, requiring morphin at times, and twice accompanied by jaundice. 
A similar spell in May was so severe that he fainted. The patient said that 
he woke up in a hospital bed and found that he had been operated on. The 
nature of the operation was unknown. There followed a period of intermittent 
diarrhea and constipation, lasting until three weeks before the patient’s admis- 
sion, when he started to lose ground rapidly, vomiting dark, coffee-ground 
material, complaining of cramplike pains in the epigastrium, and losing weight 
very quickly. 

At examination, there was a palpable mass in the epigastrium. The hemo- 
globin was 72 per cent., and the erythrocytes numbered 4,700,000. The gastric 
lavage contained some fecal material. Roentgen-ray examination of the colon 
revealed a filling defect in the transverse colon. The clinical diagnosis was 
cancer of the transverse colon perforating into the stomach. The diagnosis 
was confirmed at operation, October 14, when resection of the transverse colon 
and posterior wall of the stomach was made (first and second stages, Mikulicz 
operation). The fistula was about 4 cm. in diameter. The patient died, a 
few hours after the operation. Necropsy revealed pulmonary edema, chronic 
diffuse nephritis and multiple metastatic lymph nodes. 


